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PREFACE 


I N writing this book for motorists I enter a 
well-trodden field somewhat Jate in the day, 
for many authors have already catered for 
the needs of those who are interested to read the 
“popular technology” of the motor-car. 

Nevertheless, the subject is broad enough to 
permit of some diversity of treatment, and in 
the present small volume I have endeavoured 
to provide an introduction to the mechanics of 
motoring in a form sufficiently original to justify 
its independent existence. 

Particularjly has it been my desire to have the 
book well' illustrated, for a long editorial ex- 
perience has taught me how much more effective 
are pictures than words to convey information 
of a technical character. In this the publishers, 
on whom rests the extra expense of the produc- 
tion, have generously concurred, and so from the 
unlimited storehouse represented by back num- 
bers of the Auto, I have reproduced a collection 
of photographs and drawings that is, I believe, 
unique for a book of this description. 

In their selection, as in the nature of the 
accompanying text, I have endeavoured to depict 
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general principles rather than to describe par- 
ticular practice in detail. Many of the cars thaf 
form the subjects of photographs in this book are 
now changed in design, but others in turn have 
adopted the systems they illustrate, and so the 
principles of operation remain typical of those 
still employed in automobile engineering. Par- 
ticularly do I desire that this should be recog- 
nized, both in justice to the firms concerned and 
to the book itself. The photographs have, in fact, 
been chosen solely for their merit as clear illus- 
trations : where they are identified with specific 
makes of car it is mainly by way of courtesy to 
the firms concerned. 

It is impossible that a book can long claim to 
be modern unless it is restricted to an explanation 
of basic principles, .and in the mmn this is the 
purpose that I here seek to achiew. It is the 
proper purpose of the Press to keep the motorist 
informed of current developments, and whosoever 
would be au fait with motoring progress must 
necessarily rely upon some such source rather 
than upon a book, which, even under the most 
favourable circumstances, can only be revise^d 
occasionally. 


London 


A. E. B. 
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INTRODUCTION 

THE MOTORIST Ot YESTERDAY AND TO-DAY 

T ime quickly changes many things beyond 
recognition, but the motorist certainly h£^ 
undergone complete metamorphosis in 
the last decade. Instead of yesterday’s grimy 
enthusiast energetically coaxing his “ hot potato 
can ” to renewed efforts of noisy labour, fashion 
now reclines at ease in cushioned luxury and silent 
speed. 

Most of the outward glamours of the machine 
have gone, and of the early enthusiasm that made 
one revel in a roadside repair hardly any remains. 
Sometimes, when I experience the indescribable 
joy of finding myself at the wheel of a reeiUy living 
car, I recall some of those other days when I 
laboured so often and so long to induce even 
artificial respiration in an early “ one-lunger,” 
or tried so ineffectually to shield the lamps of an 
old*lube-ignition Daimler from the stormy winds 
of the north-east coast. 

It was, indeed, motoring of another sort then. 
When I think of the old pleasures of the road and 
compare them with the new road of pleasures, I 
cannot help feeling that, much as I enjoy the 

xili 
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present, when I can get it, those who know 
nothing of the motoring past from personal Ex- 
perience have missed participating in one of the 
most fascinating phases of social history. 

He who commences motoring in the driver’s 
seat of a modem car and enjoys from the first the 
refinements of a nicely balanced steering, an easy 
gear-change, unlimited engine power served by 
perfectly S5mchronized ignition and faultless car- 
buration, can hardly be expected to realize how 
deeply these modem accomplishments can appeal 
to some of those who tried to keep their early 
cars out of the ditch by the aid of a wobbling 
tiller, to change speed with a handle that moved 
like the controller of an electric tram, and to 
shame an overheated, palpitating motor into 
some recognition of its obligations to its “ maker’s 
rating.” 

Friends of early motorists grew accustomed to 
receiving belated dinner guests about midnight, 
and, in general, any projected journey by car 
took on the hue of an adventure, of which none 
could foresee either the when, where, or how of 
its ending. Memory’s tablets pass in review before 
my mind, and a mark on one of them recalls a 
journey up the Great North Road that ended in 
the small hours of a winter’s Sabbath within the 
historic precincts of the city of York. With one 
tyre deflated by its fifth puncture and smoulder- 
ing lamps that blinked their compliance with the 
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law through sootj^ glasses, the car dragged itself 
wearily through the deserted streets, while a 
couple of half-frozer occupants scanned the 
houses for the first signs of any sort of an hotel. 
Friendly advice from a belated stranger put us 
on the track of a neighbouring yard, the doors of 
which yielded at length to the strategy of climbing 
them in search of the bolt. 

Having stabled the car by no other leave than 
our own, we essayed to gain entrance to the hotel 
by the vigorous use of the bell. In due course, 
a portly host appeared, ghost-like in the dim 
vestibule, and, scanning us through the glass, 
dismissed his would-be guests with no more 
ceremony than a wave of his arms. Remon- 
strance was futile, so we walked elsewhere on foot, 
leaving the car in its stable, well knowing that 
no stranger would be likely to take it very far 
away. 

Finding another hotel, we rang again, and at 
length elicited virile response from a “ boots,” 
who had been sleeping in some distant attic. 
Being unable to see us afar off like mine other 
host, he had perforce to open the door, and in an 
instant we were safely inside. I can see again his 
frightened face, and not less distinctly can I recall 
my own, as it surprised me in the looking-glass of 
the bedroom. The poor boots would have liked 
to have turned us out, and no wonder, but he 
reserved his valour and merely contented himself 
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on this occasion with the discretion of relieving 
us of half a sovereign deposit ; the which, ‘ I 
can still remember, was quite overlooked in the 
bill. 

Yes, those were great days, and the joy of the 
open road was both exhausting and strenuous 
at times. Cars had no wind-screens then, and 
the dashboard .served very effectually to deflect 
the maximum possible draught under one’s over- 
coat. Many a time have I been stiff with cold 
on a long winter’s drive, and the fearful rubber- 
neck poncho that came into fashion as a storm 
coat would so throttle one in its grip that after 
hours in the wind and wet it was a physical 
difficulty even to drink. 

Having no wind-screens, drivers had of neces- 
sity to wear goggles if they cared for their eye- 
sight, and many an old motorist to-day has cause 
to regret his neglect of this precaution. Without 
doubt, goggles are unpleasant things to wear, 
but it is essential to keep the dust and the wind 
from the eyes and nose if one is to avoid very un- 
pleasant complications. A London specialist in 
these things has often told me of the large number 
of patients whose ailments coincided with this 
period of motoring and were directly attributable 
to its lack of protection. 

Even when one was willing to use goggles it was 
not always easy to get a good pair. The glasses, 
if not perfectly ground, would soon promote 
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headache, and this as much as anything was 
responsible for the dislike in which most motorists 
held them. 

The absence of protection oh early cars also led 
to the necessity of travelling with an immense 
wardrobe. Hoods were as little in evidence as 
wind-screens, and whoever travelled by car had 
to keep wind and water out of bis nether gar- 
ments as best he could. There was nothing like 
leather or fur to keep out the wind, and nothing 
in any way equal to a good oilskin as a real pro- 
tection against the rain. 

The great difficulty in wet weather was to 
avoid evil consequences from sitting in the pool 
of water that would accumulate on the seat. 
There is, indeed, a very good story of a prominent 
motorist who arrived at an hotel one very wet 
day and ordered his trousers to be ironed while 
he took a hot bath instead of his lunch. Fabric 
waterproofs, as a rule, were useless, owing to the 
friction bringing the damp through in the places 
that it was most important to keep dry. On a 
motor-car, one would bump about on the cushion, 
one’s back would rub on the upholstery, and one’s 
elBow would scrape against the arm of the seat. 
From these three causes particularly, almost 
everything except an oilskin would fail in really 
bad weather. 

Cars were noisier, and the engines had more 
vibration in those days : the chassis also was 
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shorter in length of wheel base and less well 
sprung. For these reasons there was miDre 
jolting, but some of the cars were quite fast on the 
road. long journeys, however, were generally 
very tiring, even when they were concluded 
without roadside delaj^s. 

To-day, the motorist enjoys the most luxurious 
mode of travel that has been devised by man. 
He is comfortable, he is warm, and he is protected 
from the rain. Unquestionably, the wind-screen, 
the hood, and the high side-doors have worked 
wonders in this direction. Gone are the goggles, 
gone also is the need for heavy clothing. Even 
on an open car in winter, I seldom find it necessary 
to wear anything more than an ordinary over- 
coat, and in a closed car one can journey in all 
seasons without even this amount of additional 
clothing. I am still surprised, however, that 
owners of open cars do not more frequently fit 
screens to protect the occupants of the back seats, 
for a screen in front seldom accomplishes the 
purpose properly. 

Cars have also grown longer, and no factor is of 
greater importance to the comfort of the occu- 
pants. It is, of course, easily possible to T5x- 
aggerate the length of a car, but, in principle, a 
long wheel base improves the suspension. The 
engines and the transmission are now so much 
quieter as to have no apparent connection with 
the past, and a mechanical breakdown on the road 
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is alnfost regardeQ as a “ novelty," so seldom 
does it occur witli the modem car. 

In short, from a weird contrivance that was 
the plaything of cranks, at which boys in the 
street threw stones and the public stared agape, 
the motor-car has evolved into the splendid horse- 
less carriage of prophecy. It stands as the triumph 
of automobile engineering, and while iii one 
form it has become the treasured "possession of 
the rich, in another it has provided the public 
with such a service of omnibuses and taxi-cabs 
as was certainly never dreamed of in the philos- 
ophy of a former generation. 
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CHAPTER I . 

THE CHOICE AND UPKEEP OF A CAR 

A MOTOR-CAR costs far too much money 
to be purchased without some considera- 
tion of detail requirements, for although 
the types of vehicle are limited, they are, never- 
theless, sufficiently numerous to present a wide 
field of choice. Also, the possession of a motor- 
car carries with it contingent responsibilities that 
are common to other phases of life, but seem less 
apt to be recognized in advance in this connection. 
Thus, the prospective owner of a car whose 
personal interest is mainly centred on the 
pleasures of a motoring week-end, sometimes 
forgets the requirements of his wife and family, 
who will be able by the aid of the car so much to 
facilitate their own daily routine. 

Again, in purchasing a car, many people do 
not seem thoroughly to appreciate the significance 
of the position that is now held by the motor' 
vehicle in the economy of modern civilized life. 
Everyone in a certain position nowadays is ex- 
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pected to own a car, just as he is expected to live 
in a nicely furnished house, and it is important 
that his motor-car should be in keeping with the 
other possessions that from time to time he in- 
vites his friends to share. Too often, the pro- 
spective purchaser of a car who is well able to 
afford anything there is on the market, exaggerates 
the importance of low first cost, and in many ways 
distorts the relative values that should properly 
obtain in connection with the choice of a car. 

Naturally, the point of view from which the 
prospective possession is regarded will colour after 
its own hue the relative values of the various 
attractions that cars can possess. Thus, if one’s 
only idea is to have a machine that will go along 
somehow, it is not likely that more money would 
willingly be spent for the refinement of smooth 
motion. It is rather like being satisfied, however, 
with any sort of piano that will make a noise. 

In the purchase of a car, as in the purchase of 
most other things, it generally pays to buy the 
best that one can afford. It is, without question, 
more desirable to travel in a large comfortable 
car that has a long wheel-base, and a powerful 
engine, for it is from such machines that one 
obtains the maximum of comfort and a minimum 
of fatigue on a long journey. It is by no means 
necessary, however, to travel fast merely because 
one owns a fast car. On the contrary, a well- 
designed powerful engine is ideal for travelling 
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slowly, for it is then that it works with effortless 
sm(5othness and in complete silence. A small 
engine, although it may develop’d great deal of 
power for its size, is very apt to seem fussy even 
when doing quite an ordinary kmount of work. 

On the other hand, a small car may be equally 
as well made as a large car, and it will be less 
costly to buy, so that where price is a governing 
factor, a first-class make of small car should be 
chosen. Those who can afford to own several 
cars, will also naturally possess a small car, 
because it has many conveniences over the large 
car under certain circumstances. It is handier in 
traffic, can turn round with ease in narrow roads, 
and is altogether a more suitable machine for 
running about on odd journeys. Incidentally, of 
course, it is less expensive to maintain. 

If it happens that the conditions of service for 
which a car is to be bought are entirely governed 
by such factors as have just been enumerated, 
then a moderately small car is preferable, even 
when the price itself is no object. 

It is apparent, therefore, that the first point 
to be decided in choosing a car is the use that 
really is going to be made of it. For instance, 
a man or his wife may use the car six days out of 
seven in town, and on the Sunday they may not 
be interested in attempting any very long journeys. 
On the other hand, some people have compara- 
tively little use for a car during the week, but look 
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forward to long-distance week-end touring. Others 
live more or less continuously in the country, ‘and 
are not much affected by town conditions. 

For each except the first class of user I would 
recommend a powerful car, so far as the purchase 
and upkeep of such a machine may be within his 
means. To anyone who habitually goes touring, 
and to whom long journeys are a pleasure, I would 
say without hesitation that the large car offers the 
most important advantages. For the man who 
uses his car mostly in town and who only goes 
just far enough into the country to enjoy the fresh 
air over the week-end, a large car is of less im- 
portance, for he will be able to do all he requires 
with a smaller engine, and in many ways he will 
find such a machine best fitted to his needs, 

COACHWORK 

The next most important point is to decide upon 
the general type of coachwork, and broadly 
whether the car is to be open or closed. In most 
cases, the lover of fresh air associates motoring 
with the open car, but when the man who has 
not previously possessed a car comes to review 
all the uses that may be made of it, among 
which by no means the least important to be con- 
sidered is the convenience that the car will be to 
his wife when shopping or paying calls, it is more 
than likely that he will decide in favour of the 
landaulette. 
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England has such an unsettled climate that it 
is hnpossible to be sure of deriving the full ad- 
vantages that an open touring car should afford, 
and for this reason alone the closed car has 
rapidly assumed a measure of practical popularity 
that is out of all proportion to the small affection 
in which it is usually first held by the prospective 
motorist. Ladies especially find, such a direct 
advantage in being able to go out to the theatre 
or elsewhere without making any special provision 
for the intermediate journey, that it is difficult to 
find an argument of equal weight in favour of any 
other type of carriage. 

There are several types of closed car, and a 
selection is mainly a question of personal choice. 
By far the most popular is the landaulette, which 
is so constructed that the patent-leather hood at 
the back will fold down, thus to a limited extent 
making the rear portion an open car. There are 
also two types of landaulette, one of which is 
commonly known as a single landaulette, while the 
other is called the three-quarter landaulette. The 
important difference is the provision of an extra side 
window in addition to that immediately over the 
door. This is a distinct advantage in a landaulette, 
because it enables the passengers to have a better 
view of the road, and also it gives a better lighting 
to the interior. The single landaulette is often a 
very gloomy conveyance. 

More perfect lighting is certainly obtained with 
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the limousine, which is a permanently enclosed 
car, having a rigidly constructed roof and sides. 
It is in less favour, however, because there is no 
part of it +hat can be folded down in fine weather . 
On the other hand, the airiness of such a car very 
largely depends upon the frequency with which 
the windows are opened, and its disfavour is 
frequently due, to prejudice rather than to any 
fault in its design. 

An extremely useful type of car for the man who 
drives himself and who appreciates the advantage 
of a closed car in all seasons, is the saloon car, so 
called from the fact that the interior, including 
the front seats, forms one compartment. Access 
is obtained to the seats through a central side 
door, which can readily be designed to give a 
very wide opening. The driving-seat is commonly 
a small arm-chair, and that alongside the driving- 
seat is arranged so that it can either be folded or 
pivoted to permit of the ingress and egress of the 
passenger. The back seats are similar to those in 
an ordinary car. The occupants of such a carriage 
are, of course, essentially en famille, and therefore 
it is not exactly suited to the requirements of 
those who need the services of a chauffeur. 

As a type of car to drive I have always found 
the saloon car an attractive vehicle, if it is well 
designed in respect to the windows that open. 
Such a vehicle can readily be kept cool and airy, 
as well as free from draught. While it is a dis- 
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advantage that the roof hides the sky, it is often 
a very distinct advantage that it should shield 
the driver from the glare of the sun, and when it 
comes to driving behind other cars on a dusty 
road, I would sooner be in this type of vehicle 
than in any other. 

Drivers of saloon cars, and closed cars generally 
that are likely to have heavy roofs, should be 
cautious of the speed at which they go round 
corners, for several cars of this kind that I have 
used have shown some little tendency to roll out- 
wards so much as to make steering difficult. 

There have been many attempts to produce a 
convertible car, in the sense that it may be made 
either wholly open or wholly closed at will. The 
best solution of the problem that has yet been 
effected is the cabriolet, which has a leather roof 
suitably stiffened at intervals by transverse mem- 
bers that are supported upon the door-posts. 
When the roof is folded behind the back seat, like 
the hood of an ordinary landaulette, the upper 
parts of the door-posts can also be folded down 
across the back of the front seat and along the side 
of the body. The car is then completely open. 

As may be judged from the description, it is 
essential that a cabriolet should be an example 
of the very finest workmanship if it is to be satis- 
factory, and the fact that it tends, in consequence, 
to be a somewhat costly type of car naturally 
militates against its general popularity. 
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HOODS and WIND-SCREENS 

Turning now to the open car pure and simple, 
it is, of course, essential that such a vehicle should 
be properly equipped with hood and wind-screens, 
so that the occupants may be suitably protected 
against bad weather. No one cares to travel un- 
necessarily far with the hood up, for there is an 
uncomfortable shut-in feeling when driving under 
a hood that is altogether out of proportion to 
the amount of protection from the rain that 
such a device affords. In consequence, it is 
highly desirable to have a hood that can be put 
up or down with a minimum of trouble and delay. 
To this end there have been designed hoods that 
are capable of o]>eration single-handedly, and 
there is no doubt in my mind that such “ one- 
man hoods,” as they are called, are a great con- 
venience. 

The efficacy of a wind-screen depends on the 
distance that it is situated from the person it is 
intended to protect ; if it is far off it is useless. 
In my own opinion, the wind-screen over the dash- 
board should be brought to within a couple of 
inches of the steq'ing- wheel. It is absolutely 
essential to use the best quality glass for the wind- 
screen, in order to avoid straining the eyes, and 
it is important that the framework round the 
glass should be as narrow as possible so as not to 
obstruct the view. It is extraordinary how 
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readily a small obstruction of this kind can tem- 
porarily obliterate a comparatively large object in 
the mid-distance. 

No matter where the front screen is situated, 
it is incapable of adequately protecting the 
occupants of the back seats from the wind, and 
owners of cars who desire to travel in the back 
seats themselves, or who wish to provide those 
who do so with every possible convenience, 
should certainly arrange to have their cars fitted 
with a separate screen for this purpose. 

Regarding coachwork and upholstery generally, 
it is only necessary to remind the prospective 
purchaser that good coachwork speaks for itself. 
Moreover, it is not so much at the time of delivery 
as after it has been in use for a season or two, that 
first-class coachwork gives value for money by its 
freedom from rattle, draughty windows, and 
creaking joints. 


COLOUR SCHEMES 

Since the enclosed car has become so universally 
popular, the internal decoration has assumed a 
much-increased importance, and anyone who is 
selecting materials for the upholstery should bear 
in mind that the colouring thereof will form an 
ever-present foreground to the distance provided 
by nature. The fundamental tones of the country- 
side are green and brown, and as the natural 
shades that are thus provided are so much superior 
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to anything that can be artificially produced, it 
is oil the whole preferable to select a contrast to 
them as the basis of the interioi colour scheme of 
an enclosed car. 

The interior itself, however, should not be sub- 
ject to contrast, although changes of shade are 
desirable. Especially should the ceiling be lighter 
than the floor, which latter also ujay, with ad- 
vantage, be made darker than the walls. Red is 
pre-eminently a cheerful colour, and it has warmth. 
Pinks, ranging from salmon to rose, form an 
artistic contrast to the surroundings, but blue 
pinks must always be avoided. Blue in itself is 
soothing when well chosen, but otherwise is 
apt to be cold. A pale turquoise is as artistic as 
any, but not easily obtained in the right shade. 

It is a mistake to suppose that light colours are 
necessarily less durable than dark colours. For 
one thing they show the dust less, and for another 
they tend to improve with age if the material 
is of the very finest quality, as it invariably should 
be. The extension of the principle of encouraging 
individual choice based on detail prices would do 
much to foster an increased range of colourings 
that are out of the ordinary but nevertheless 
artistic when properly chosen. There is no reason 
in the world why the interior of a car should be 
gloomy any more than there is any need nowadays 
to use the black horsehair furniture of the Vic- 
torian era. Indefinite tones, such as the fawn and 
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biscuit coloured cloths, are considered to be in 
good taste because they are quiet, but they have 
become undeniably ordinary, and it needs some 
little stimulus to ensure a departure in the right 
direction. The greyish green tinted cloth that is 
so popular for much the same reason has little 
else to recommend it, for there are few ladies, at 
any rate, who would hesitate to describe it as 
“ difficult ” if they once came to study the matter 
from the point of view of their own personal 
environment. The modern enclosed car is some- 
thing of a drawing-room, and it should complete 
rather than destroy the effect of a thoughtful 
toilette. Much time and considerable money 
may also be spent on the perfection of minor 
detail as, for instance, in the selection of silver or 
ivory against a background of royal blue, of copper 
as an appropriate ornament on cream or light 
fawn, of amber against turquoise, and of jade in 
a setting of old rose. The use of special woods, too, 
is a most fascinating study ; mahogany, for ex- 
ample, not only possesses a beautiful grain in 
itself, but very often supplies just the note of 
warmth that is required to complete a decorative 
effect. 

Of the outside of the car it is necessary to re- 
member that it must harmonize with the back- 
ground of nature, otherwise it will attract an 
undesirable attention that it is the object of good 
taste to avoid. Dark shades are thus for the most 
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part desirable, and a really good dark green is one 
of tlie best, particularly as it permits a very wide 
range of interior colourings. It is also, by the 
way, one of the less expensive paints. A point to 
be borne in mind about the use of very dark 
colours, such as are almost black in tone, is that 
their smartness depends absolutely on their per- 
fection of surface ; the least blemish reflects a 
sj)ot of light that draws attention to a fault that 
might pass unnoticed on a car that was, for in- 
stance, painted white. 

DETAIL EQUIPMENT 

While the colour of the upholstery is important, 
a more vital matter is comfort, and in order to 
obtain comfortable seats it is essential that they 
should have deep cushions. This is also an item 
for which the purchaser must be prepared to pay 
a proper price, but for those to whom comfort is a 
consideration and for whom long journeys are 
ordinarily fatiguing, there is no doubt that the 
really deep and well-sprung seat-cushion affords 
a large measure of relief. 

* The motorist who buys an English car is faced 
with the necessity of specifying its final equip- 
ment. He must not only consider the more 
important matters that have already been alluded 
to, but he must take a personad interest in the 
various accessories that go to make the machine 
complete and ready for the road. Whilst on the 
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subject of coach work, there is a minor point in 
coimection with closed cars that is worthy of 
mention, and that is the utility of a small skylight 
in the roof. It is possible to make such a skyhght 
watertight, and also so to design it that it can be 
readily raised. In a limousine, it is especially 
useful, and indeed in any closed car it has its 
advantages, particularly as a means of clearing 
the atmosphere of tobacco smoke. 

In an open car, it is a convenience to have a rug 
rail on the panel behind the front seat, and it is 
also an advantage to have this panel itself up- 
holstered with carpet or the like so that luggage 
may be carried without scratching the paint. In 
most cases, it is also convenient to have a foot- 
rest. 

. TYRES 

No subject of car equipment is of greater im- 
portance than the tyres, but the tyre size is as a 
rule determined in advance by the chassis manu- 
facturer. The main point of importance con- 
cerning tyres is that they should be large enough to 
carry the weight and to withstand the speed without 
undue strain. It is particularly necessary to bear 
this matter in mind if the purchaser happens to be 
considering an unusually cheap car at an inclusive 
price. Mechanical breakdown having been vir- 
tually eliminated from the troubles to which the 
motorist is now liable, it remains only to guard 
against delay caused by punctures. To this end. 
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the car should certainly be equipped with a detach- 
able wheel or ' a detachable rim, which, 'being 
carried on the car with a fully inflated tyre, is 
ready for use at a moment’s notice. 

LAMPS 

Next to the tyres, the question of lamps is an 
all-importanjt one, for without good lamps it is 
neither safe nor comfortable to drive at night. 

Headlights to be of any service whatever must 
be extremely powerful, and so designed as to throw 
the beam a great distance. A long-distance beam 
of light is not in itself visible to the driver, who 
continues to drive in darkness until it throws some 
distant object into relief. For this reason most 
drivers like to have some diffused light on the 
roadway and on the hedges near at hand. These 
qualities are merely a question of suitable lamp 
design. 

Nowadays there are many very neat, very clean, 
and very reliable acetylene generators. Most 
people who have had experience of acetylene light 
are agreed, however, that for convenience, cleanli- 
ness, and reliability there is nothing to touch liic 
dissolved acetylene plant. 

Electric light on cars is steadily increasing in 
popularity, but there is still some difference of 
opinion as to whether electric headlights are 
adequate for serious night work. This is, however, 
surely only a question of the equipment, of using 
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sufficiently strong lights, and of having an adequate 
dyna'ino charging plant to maintain tliem at the 
proper voltage. 

Whatever may be the opinion on electric head- 
lights, there can be no question about the con- 
venience of electric side and tail hghts. Particu- 
larly will the motorist who drives his own car find 
the greatest possible advantage in electric light. 
It enables him to switch on when lighting-up time 
comes without the least inconvenience, and every- 
one knows how annoying it is to have to stop 
towards the latter end of a journey in order to 
comply with this detail of the law, when, being 
already in well-lighted streets, the light of the 
lamps themselves is not needed by the driver. 

A point in lamp equipment that is at present 
undeveloped is the use of swivelling headlights. 
These are so connected to the steering-wheel as 
to be caused to look in the direction in which the 
car is about to proceed. There are few more 
awkward sensations than that of negotiating a 
dark corner with the headlights staring stolidly at 
some adjacent boundary instead of illuminating 
the road along which one is alone able to travel. 

Speaking of special points in headlight design, 
it is important to mention the qualities of gold- 
backed mirror reflectors. The rays of light thus 
projected may be less intense when judged by the 
ordinary standard of candle power — that is to say, 
by their ability to cast a deep shadow — but their 
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powers of definition are remarkable. It is a light 
that has the quality of giving roadside objects 
better resemblance to their natural appearance 
than they usually possess in the rays of an in- 
tensely white light. This reference to yellow rays 
is also a reminder of the special goggles of this tint 
that it is possible to purchase nowadays. Those 
who are inconvenienced by the glare of sunlight 
should wear these chlorophile glasses, for they 
are a great relief to the eyes, and they have the 
advantage over ordinary coloured glass in that they 
do not seem to be darkened after they have been 
worn for a minute or two. 

HORNS 

Horns are a matter of choice, for any sort of 
sound instrument complies with the law. The 
advantage of a bulb horn is that it offers a greater 
range of control, and so enables the driver to 
modulate its voice to the equivalent of such 
expressions as “ Excuse me,” ” Thank you,” and 
“ Get out.” 

The latter way of saying things is far more 
effectively accomplished by one of those nois§^ 
boxes that are operated either mechanically or 
electrically. There are instruments on the market 
that might well be guaranteed to make everyone 
within half a mile scatter like hares at the first 
note. It is a great advantage to have such a fitting 
on the car, but its abuse is terrible. 
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Some of the electric horns are pleasant-toned 
and carry far. Very few people fit the button of 
an electric horn in the most convenient place. It 
strikes me as being especially inconvenient when it 
is situated on the steering-wheel, and even more 
particularly so when it is intended to be operated 
by the left hand. I hold the view that the left 
hand should never on any occasion be required to 
do anything but grasp the steering-wheel. 

The button of an electric horn might very well 
be placed on the handle of the side-brake, particu- 
larly as the driver has ordinarily no means of 
blowing the horn when he is using the side-brake 
unless it is thus equipped. I once rigged up an 
arrangement of this sort to try the idea, and it 
worked splendidly. Incidentally it might draw 
manufacturers’ attention to the desirability of 
arranging side-brake levers in more convenient 
positions. 

Another very convenient place is on the top of 
the door at the right of the driver’s seat. Because 
the button of an electric horn is ordinarily very 
small, it might be a good idea to mount the 
errtire beading along the top of the door on hght 
springs, and arrange the switch beneath it so 
that the horn might be operated by pressure 
anywhere along the rail. It could also be oper- 
ated by the elbow if both hands were needed for 
steering. 
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SELF-STARTERS 

Of late, the tendency has, very naturally, been 
to elaborate the equipment of the car, and the 
latest convenience is the “ self-starter.” The 
device is for the purpose of starting the engine by 
pressing a button instead of winding the crank. 
Some of the. systems operate electrically, that is 
to say some form of electric motor is arranged 
to turn the crank-shaft, the motor itself being 
energized by a battery of accumulators that are 
themselves kept charged by a dynamo that is 
driven by the engine. Another system that is in 
use admits compressed air direct to the cylinders 
during their “ firing ” strokes and so sets the 
engine in motion. The compressed air is stored 
in a steel reservoir that-is charged by an air pump 
driven by the engine. 

There are also other methods, but those just 
mentioned are the more important, and in one 
form or another are to be found on many of the 
latest cars. It is unquestionable that a self- 
starter is a great convenience on a big engine, 
which may require considerable physical strength 
to “ swing ” by the crank alone. On small cars, 
its value is very largely a matter of opinion. Of 
course, it is always a convenience to be able to 
start any car from the seat, especially in wet 
weather. 

Some people do not readily acquire the knack of 
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cranking an engine, and to such the manual 
labour of starting-up is irksome. With a properly 
adjusted carburettor and magneto, any small 
engine should start on a single pull-up of the crank, 
and when the conditions are such that it will not 
start by hand, neither will it do so with the self- 
starter. Sometimes purchasers are apt to forget 
that it is just as essential to switch* on, to adjust 
the throttle and to set the ignition-levers in their 
right places when there is a self-starter as it is 
when the engine has to bfe cranked by hand. 

COST 

The preceding remarks have been directed in 
general towards the equipment of any sort of car 
irrespective of size or power, and it now remains 
briefly to discuss the classification of cars and to 
consider their cost and expense of upkeep. 

There is no precise classification of cars that 
is suited to serve the purpose of a guide to the 
prospective purchaser, for any system of classifica- 
tion that is sufficiently comprehensive to be exact 
would also be too complicated to meet the re- 
quirements of the non-technical man. Some 
years ago the Royal Automobile Club sanctioned 
the rating of cars in proportion to the bore of 
their cylinders, and a formula was devised for 
expressing these sizes in terms of horse-power. 
This formula was solely for catalogue purposes, 
and does not necessarily express the power of the 
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engine accurately ; indeed, it is usually very 
much below the power that is available from 
modern engines. 

Many factors that cannot even be expressed in 
the usual dimensions affect the capabilities of the 
engine, and the purchaser is wise, therefore’ to 
consider the car’s reputation rather than its mere 
size. 

Broadly speaking, however, it is convenient to 
divide the most popular engine sizes into three 
groups, having respectively cylinder bores of 
8o, 90, and 100 mm. These sizes are intended 
to be elastic, but even so do not comprise the 
entire range of classes into which cars might 
usefully be divided. They do, however, cover the 
most generally used sizes at the present day. 
Each group of engine sizes is available in either 
a 4-cylinder or 6-cylinder engine. 

Many cars are built that have engines much 
smaller than 80 mm., but for the most part these 
are used for 2-seated runabout cars. Similarly, 
cars are also built with engines frequently ex- 
ceeding 100 mm., but such large engines are 
naturally intended for the very large and luxufi- 
ous cars that a minority alone can afford to 
buy. Smaller engines now give as much power 
as large engines of earlier date, and the 6-cylinder 
engine provides a very powerful motor without 
using very large cylinder dimensions. 

In choosing a car, it is necessary to bear in mind 
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the nature of the coachwork required in order 
to be sure that the wheel-base will give sufficient 
accommodation and a conveniently wide door- 
way. Also, if the coachwork and the accommo- 
dation required represent a very heavy load, 
and at the same time it is desired to drive 
long distances at fairly high speed and to climb 
hills without • delay, then a powerful car is es- 
sential. 

For any one class of car, considered in all its 
bearings, the cost does not vary much with dif- 
ferent makers, but considered from one point of 
view only the range is so wide as to be confusing. 
Thus, it is possible to buy a 15-h.p. chassis for 
any sum from about £300 to £450. A mean 
value for a first-class make is, say, ;^38o. 

Although the price charged by one firm may be 
somewhat more than by another providing ap- 
parently the same object, the main difference that 
accounts for the above-mentioned range can 
readily be seen. Thus, one firm may provide a 
long wheel-base to accommodate closed coachwork, 
and will fit tyres to suit, while others will use 
the same-sized engine on a short wheel-base that 
has smaller tyres on its wheels. Again, on some 
cars there are four speeds and on others three 
speeds. There are also differences in lubrication, 
and many other refinements that contribute to 
the smooth working and longevity of the car, 
and have assisted in building up the firm’s repu- 
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tation, for which the purchaser must necessarily 
be prepared to pay. 

A first-class chassis with a 4-cylinder engine 
in the 90 mm. class will cost about £450, and a 
6-cylinder car of the same dimensions will probably 
cost*about £650. To these prices must be added 
the cost of the coachwork, which may be anything 
from, say, £80 for a small open car up to £300 
or £400 for a large and luxurious closed carriage. 

UPKEEP 

The upkeep charges in respect to the mainten- 
ance of a car are, in a sense, divisible under three 
heads. One group represents a fixed annual sum 
that is nearly independent of mileage and of the 
size of the car. Under this head comes the rent 
of the garage, for which it is obviously impossible 
to give a fixed price, as it may be anything from 
nothing to £20 or £30 a year. Many garage firms 
will house and wash a car for £i a month on a 
yearly basis. The wages of the chauffeur, like the 
rent of the garage, may be nothing at all or a 
comparatively high figure, but in any case when 
a chauffeur is employed his wages, say £2 a week, 
represent a fixed charge that is independent of 
the car mileage. In some cases, owners give their 
chauffeurs bonuses according to the mileage 
accomplished without breakdown. 

One of the few really definite fixed charges is 
the driving licence, but this only amounts to 
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5 shillings per annum. It may be obtained by 
anyone from the offices of the local authority of 
the district The chauffeur naturally obtains his 
own driving licence, but the employer of a chauf- 
feur needs to take out a manservant’s licence in 
respect -to such employment, which licence costs 
15 shillings per annum, and can be obtained from 
the post office. 

When the car is first purchased it is necessary 
that it should be registered with the local authori- 
ties, the fee for which is ; but having once 
been paid, the payment does not have to be 
repeated. The number that is issued at the time 
of the registration belongs to the car and not to 
the owner. If the car is sold, the number passes 
with it, and the change of registration of owner- 
ship is effected on application to the local authority 
and the payment of a fee of 5 shillings. 

The above-mentioned taxes must not be con- 
fused with the revenue tax, which is payable 
annually at the post office. This revenue tax 
comprises the old carriage tax and the super- 
tax that was applicable to the use of a light 
locomotive. It is arranged on a sliding scdle 
according to the engine power of the car, as 
rated by the bore and number of cylinders of the 
engine. It varies from 2 guineas upwards, the 
80 mm. 4-cylinder class coming within the 4- 
guinea tax, while the 90 mm. and 100 mm. 4- 
cylinder cars pay 6 guineas. The revenue tax 
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may be regarded as coming within^ the second of 
the tliree divi^ons into which the upkeep charges 
may be divided. Its amount depends upon the 
size of the car, but is independent of the mileage. 

In this same category should be placed the in- 
surance premium, and also the annual sum 
written down against depreciation and repair. 
Both these items vary with the size of the car, 
but are independent of mileage. The insurance on 
a 15-h.p. car valued at about £500 will probably 
be in the order of 12 guineas per annum. 

Having separated out the above charges in this 
way, there remains the direct cost of motoring 
under the head of petrol and tyres, which does, 
of course, vary both with the size of the car and 
the mileage run. 

It is impossible to give very exact values 
under these heads. The price of rubber influences 
the price at which tyres are sold, and it is only 
necessary to recall the fluctuations in the last two 
years to recognize how widely the cost under this 
head may vary. The price of petrol has also 
appreciably altered, and may continue to do so. 
Apart from these external influences, there is 
also the effect of the difference between good and 
bad driving. A man who drives so that he sel- 
dom uses his brakes, or when using them always 
avoids skidding the wheels, will have an appre- 
ciably greater tyre economy than the man who is 
careless of these considerations and who takes his 
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car full speed over any and every kind of road. 
Also, the systematic inspection and repair of outer 
covers by vulcanizing them when they are cut 
may perhaps increase their life sufficiently to 
effect an appreciable economy on the year’s up- 
keep. 

Taking one car with another, however, the con- 
ditions in England are such that, broadly speak- 
ing, most motorists run about 10,000 miles in the 
year, and use two sets of tyres in that period. 
Big, heavy cars driven at high speed may need 
more than this, whereas a light car carefully 
handled might involve less expense. 

With petrol there is perhaps not so much 
opportunity for marked economy in driving if 
the car itself is not in the first instance fitted with 
an economical carburettor and system of control. 
It must be remembered that the petrol is the sole 
source of power, and that in the petrol the latent 
energy is a limited and fairly definite quantity. 
Given equally economical engines, therefore, a 
higher petrol consumption in one than in another 
implies that more power is being developed by 
one engine than by the other, and from this 'in- 
crease of power the motorist is presumably de- 
riving some advantage. Perhaps he may be riding 
in a more commodious carriage or travelling at a 
higher speed, but in any case the increased power 
is being expended somewhere or other for his 
benefit. 
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To this extent, therefore, the petrol consump- 
tion of the car is a measure of its uSeful power 
to the motorist, and the price that he pays under 
this head will be in direct proportion to the 
advantages received. Some ' cars will travel 
20 miles to the gallon. A few will go further, 
but the majority will go less far. It depends 
entirely on the weight of the car, and to a large 
extent on the speed at which it is driven. 

With a 4-cylinder 8o mm. car it should be 
easil}'' possible to do a year’s motoring of 10,000 
miles on an expenditure of £50 in tyres and ;^40 
in petrol, which makes the two direct charges 
equal to £go, or about 5 shillings a day for a 26- 
mile journey repeated every day of the year. 
The cost per mile thus works out at about 2^d., 
which is less than a first-class railway ticket, even 
when the owner travels singly, and is propor- 
tionately reduced if the car carries four pas- 
sengers, as more often than not will be the case. 



CHAPTER II 
TOURING 

A MOTOR-CAR is not a possession that 
can be ignored. It is, in fact, likely to 
alter a man’s mode of living in more ways 
than one, and it is of some consequence both to 
the individual and to the community that its 
influence should be advantageous. 

Apart from its direct utility as a means of daily 
locomotion, the motor-car offers unrivalled oppor- 
tunities for sport and travel, but it is more par- 
ticularly with the latter that this chapter is con- 
cerned. The motorist, unlike the tourist by rail, 
finds the best part of his holiday in the journey 
itself. It is seldom that a train journey is really 
alluring. The best of scenery is never so realistic 
or picturesque when seen through the framed glass 
of a railway carriage window as it is from the seat 
of an open touring car. Moreover, the train runs 
to a schedule that is not devised for the con- 
venience of those who would contemplate the 
beauties of Nature en route, whereas the motorist 
can stop by the wayside as often and as long as 
the fancy takes him. 

First and foremost then in the art of using a car 
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to the best advantage stands the necessity for 
avoidin*g the “ time-table journey ” on a trip that 
is intended for pleasure. 

One great physical advantage that the car 
possesses over all other modes of locomotion 
save ^edestrianism is that it takes you absolutely 
from door to door. There is no vehicle of any 
description that enables you to travel 50 comfort- 
ably and so quickly from your own home direct 
to the very heart of your destination as the 
motor-car, and he who gains most from his motor- 
ing is he who most completely realizes this quality 
in his manner of using the car. 

Rushing pell-mell along the highways of the 
land is undeniably a species of good sport, given 
always the conditions that make for safety in 
respect to other road users, but it is not the kind 
of motoring that produces the most lasting plea- 
sure. If such a mode of travel becomes an 
obsession it degenerates into habitual “ road- 
hogging ” of the kind that happily is now for the 
most part only a reminiscence of the past in 
England. 

It is, of course, necessary and pleasant to travel 
fast at times, and such driving, in discretion, is 
neither dangerous nor inconvenient to others. 

In general, I have found that fellow-passengers 
seldom really appreciate fast driving as much as 
the habitual high-speed driver is pleased to 
imagine ; indeed, it is much easier for a chauffeur. 
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whether amateur or professional, to acquire a 
good reputation by systematically driving at 
moderate speeds than by the over-frequent display 
of feats of fineness performed at projectile-like 
velocities. Many a man who drives wonderfully 
well in his own estimation is a sheer sofirce of 
secret terror to his friends in the car. 

Regarded merely from the standpoint of polite- 
ness to one’s guests, it is only proper that one 
should consider their feelings, and particularly 
those of passengers comparatively unaccustomed 
to motoring. There are those, I know, who only 
ask to go faster, but for such an one there 
are a score who would much prefer to go more 
slowly. 

But these considerations appertain more to the 
art of driving than to. the art of touring as such. 
I have said that the great point to be achieved is 
to use the car to take you actually to the very 
places that you want to see, and that in the use of 
the car for touring you should, therefore, avoid the 
“ time-table ” journey. 

In place of the schedule of times there should, 
however, be a schedule of places, and this jnay 
best be prepared in the form of a map. Its 
preparation involves reading up the country in 
advance, which, in itself, is a recreation, for the 
encouragement of which motoring deserves much 
indirect credit. There is nothing so dull as 
reading about places that one is never likely to see, 
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yet nothing more attractive than to learn some- 
thing about those that one is about to visif. As a 
consequence of this reading, which enhances so 
much the anticipation of a motoring holiday, an 
interest is engendered in many small places that 
ordinarily would have escaped notice. Mortovei, 
an entire district by degrees discloses the romance 
of its histo^ to the mind and the heart is satisfied 
merely to be there. 

Some people regard England as a great museum, 
and flit from object to object, guide-book in hand, 
forgetting the while that the very floor they walk 
upon is a mosaic of far greater human interest 
than any monument it may support. Well may 
those who travel by rail seek inspiration from a 
gravestone or a ruin, but you who go by car can 
see the very scenes of which these records are but 
the index marks upon the roll of time. Surely 
you lose the best of England if you fail to sense 
the romance with which old history has saturated 
our once virgin soil, to admire the simple beauty of 
Essex with the eyes of Constable or to thrill on 
Culloden Moor with the heart of a Scot. 

To see everything is difficult even for an English- 
man of leisure, and impossible for the visitor with 
limited time. Those who come to England from 
abroad must tour with discretion if they would 
see even a fraction of what is best worth while. 
It is only by taking pains in advance that anyone 
can secure the subsequent ease and enjoyment on 
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the journey that it is the object of a motoring trip 
to attain. 

Nothing, for example, adds sp much to the 
pleasure of motoring as a good hotel. There are 
many such in England, but they want finding ; 

•Saos?* who do not know their whereabouts fre- 
quently have to put up with the poorest sort of 
accommodation while the best awaits them within 
a mile or two. Much the same may be said with 
respect to places that are best worth seeing. Sights 
that would long be remembered may be passed by 
within a stone's throw while travelling persistently 
along some highway that has little to prevent it 
from being readily forgotten. Mileages, too, are 
deceptive in England, for if the roads are good 
they are also confusing, and few drivers know every 
part of England. 

These facts all point to the desirability of 
making plans in advance, provided always that 
there is no intention of trying to keep to a schedule 
time-table on the journey. By making plans, I 
mean reading all the interesting literature that 
you can find about the district in which you are 
likely longest to remain. By making plans, I also 
mean the study of maps, the preparation of sug- 
gested routes and the gradual collection of useful 
and interesting information from fellow-motorists 
during the course of the year, all of which is noted 
and made use of when the time comes for the 
journey. 
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Maps form a fundamentally important part of 
the preliminary preparation of a tour. Sn route 
they are of far less use, for a motor-car travels too 
quickly for the average map reader to gain much 
assistance from its study in motion, and most 
drivers prefer to go ahead down the road they^m'''.. 
chosen, on the off chance that it leads Jj? the ught 
direction, rather than pull up to study the sign- 
post by the aid of the map. 

Signposts seldom indicate the names of the 
towns that one has in mind, and in many localities 
they are almost useless to strangers. For this 
reason it is of the utmost advantage to get to know 
a district thoroughly if it is one that you visit 
frequently, or reside in for long periods. Complete 
familiarity with the byways of the home county 
not only adds immeasurably to the pleasure of an 
afternoon jaunt, but it has a very practical value 
in the manner that it facilitates the beginning and 
the end of a long journey. To know all the cross- 
country roads within a radius of twenty miles of 
one’s home is, particularly for those who live near 
cities, an immense help in touring, and it is well 
worth while spending spare afternoons learning 
these cross-cuts thoroughly. 

Taking a cross-cut in a strange district in the 
hope of saving time almost always ends in dis- 
appointment, for roads never actually look as 
the mind creates them from a study of the map, 
and although most people find it easy enough to 
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remember places that they have once seey, even 
after long absence and when there is no special 
landmark, yet almost everyone will go astray the 
first time that he attempts a new cross-country 
journey. ^ 

It is always advisable to employ spare tiiyS 
for learning routes, because one ver}<!..'2^" 
point is to retrace one’s track whenever one has 
gone astray. Otherwise, the experience is not only 
valueless but very likely to be misleading on a 
future occasion. If one is pressed for time, 
however, such tactics seem out of the question, 
although in truth there are many occasions when 
it would be far better to go back than to go 
forward. 

In the planning of long journeys, it is very 
important to study the roads carefully, and to 
obtain as much advice about them as possible. 
The absence of straight roads in England increases 
the difficulty of reading a scale map, and it is an 
excellent plan, therefore, to prepare private key- 
maps showing the route diagrammatically as a 
straight line between the various more important 
places. A series of such key-maps was prepared 
by the Auto some while ago, and has proved 
very popular among motorists. Some reduced 
reproductions of these maps are included among 
the illustrations in this book. One of them shows 
the principal exits from London out to a radius 
of ten miles. Another shows the continuations of 
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these foads from the ten-mile radius. Such maps 
as these, once made, serve for all time, and so it 
is worth while keeping the key-maps that one 
prepares. It must be understood, of course, that 
flip key-map merely supplements the scale map, 
Sa it is the essence of the key-map that it 
sl^diUiffnitain nothing beyond the mere line of 
route. 

Among the key-maps illustrated in these pages 
is one that gives a specimen tour that has often 
been recommended in the Auto for American 
visitors to England, and it may be interesting 
briefly to review the route. It starts from London 
and sets out via the famous old coaching highway 
to Portsmouth. One of the best all-round roads 
in England, the Portsmouth road affords one of the 
easiest exits from London, and, as a highway, it 
possesses character that will cause it to be re- 
membered long afterwards when many minor 
details of the journey are forgotten. 

As a late start is a very common occurrence with 
motorists, the well-known “ White Lion ” at 
Cobham or the “ Hut ” at Wisley serve as excellent 
stopping-places for lunch. Further on is Win- 
chester, where those who start early will get their 
midday meal, and where, also, early or late, those 
who pass through it for the first time will certainly 
be delayed by much sight-seeing among the 
historic relics of the past. 

From Winchester it is a pleasant run down into 
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the New Forest, where there is an excellei^t hotel 
at Lyndhurst. This is a district that is full of 
attraction, and several days can well be spent in 
excursions round the neighbourhood, for every 
part of the New Forest is beautiful. 

It is evident from the shape of England that th^ 
counties of Devon and Cornwall are ino0tr«»»«?ntly 
situated for'those who desire to economize mileage 
in the form of a circular tour. They are, in fact, 
essentially counties that should be set apart for 
a separate holiday. To include them in a circular 
tour is to occupy relatively much time in one 
locality, for having gone into Cornwall it is neces- 
sary to come out again by much the same road, 
and the better plan for the visitor making a cir- 
cuit of Britain is to cut across the New Forest 
north-west through Salisbury to Bath, which is, 
of course, a city of unusual historic interest. 

From Bath, the objective is North Wales ; but 
in order to skirt the Bristol Channel it is necessary 
to make a detour, and the best route is that 
through Cirencester, Gloucester, Ross, and Here- 
ford, in which delightful old-world country town 
there is excellent accommodation for the night. 
In Hereford, one of the sights is the cathedral, 
and those who go there should not fail to see the 
famous chained library, as it is one of the best 
in existence. Herefordshire, particularly the Wye 
Valley, is essentially a country for the leisured 
motorist, for many are the excursions worth 
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making, and great is the beauty of many of tlie 
views to be seen. 

Travelling north from Hereford, the road leads 
through Leominster, Church Stretton, and Shrews- 
bury, to Llangollen, a very small place, but very . 
attractive withal. The Hand Hotel there is an 
inn with a past, and possesses besides,a singularly 
charming outlook over one of those noisy little 
rivers that keep you awake o’ nights by their 
incessant music as they cascade over the rocks 
and stones. 

Llangollen is upon the great Holyhead highway 
to the Irish steamers. It leads also direct into 
the Welsh mountains and incidentally to a little 
place called Pen-y-Gwryd on Snowdon, where 
there are a good hotel and wonderful scenery. 
Thence north to Bangor, and thence east along 
the coast through Colwyn and Abergele will take 
you to Chester, England’s one and only “ dead 
city.” 

And so from scenes that are beautiful one comes 
at last into the Black Country with its reminder 
that the world we live in is not itself made more 
lovely by the handiwork of man. Up thro'ugh 
Warrington, Wigan, and Lancaster, the road to 
the north leads through some of England’s busiest 
industrial centres ; but, at last, the wayfarer 
emerges on to the lake side at Windermere, 
which is the centre of this inland resort. 

No one who visits the Lakes should omit to 
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take a few at least of those fascinating circular 
drives with which the country hereabout abounds, 
and in particular is the road from Ambleside up 
on to Kirkstone Pass and thei^ce along by Ulls- 
water as far as Penrith worth following, for it is 
one of the most beautiful in the land, and es- 
pecially so in the quiet of a summer’s evening. 

Carlisle, the next stopping-place, is,.as it were, 
the gateway to the north. Many motorists who 
leave London by the Great North Road, which 
itself runs up to Edinburgh direct, prefer to 
branch off so that they perform the latter part 
of the journey into Scotland via Carlisle. By 
either route the country north of Carlisle is wild 
and in places desolate in the extreme. Here, 
however, in this very wilderness, is one of the 
great charms of scenic England. There is, per- 
haps, no country in the world that embraces so 
much variety on such a realistic scale in so small 
a space. 

It is a very good plan to make for Edinburgh 
from Carlisle by working across through Hawick 
and Galashiels. To the visitor from overseas this 
'" 'ix'have the additional advantage of causing 
Edinburgh to be the starting-point of the Scotch 
circuit, and most of those who go to Scotland for 
the first time will think it more appropriate to do 
this. 

From Edinburgh, the car can be taken over 
the Firth of Forth on a ferry, so as to enable a 
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route due north to be followed through Qowden- 
heath and Perth to Pitlochry where there is a 
Hydro that makes the place a good halting-point 
for the night. 

Continuing north, Inverness is reached at last, 
and here the motorist with only a limited amount 
of time at his command will probably decide to 
begin his southern journey. As a glance at the 
map of Scotland shows, the mainland is divided 
diagonally south-west from Inverness by the 
Caledonian Canal and the lochs that join it to- 
gether. The road that runs down by the side of 
Loch Ness past Fort Augustus to Fort William 
is, I often think, the most beautiful in the whole 
tour, and I can wish none who may be making 
this trip greater good fortune than to have the 
blessing of a perfect summer’s day for its jour- 
neying. 

From Fort William, the chosen course to 
Stirling runs south-west by Ballachulish Ferry, 
across which the car can be taken, which is more 
than can be said of some of the Scotch ferries in 
the less frequented districts of this much dis- 
sected country. ^ 

It is not easy to plan a tour through Scotland 
because the nature of the country and the dis- 
position of the roads render an economical mile- 
age somewhat difficult to arrange. Scotland is 
essentially a country that should be visited 
separately, but from some points of view the 
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circuit indicated would serve well enough as a 
basis of a more extended trip, for most* of the 
additional mileage would consist of routes jutting 
out from and returning to the main points indi- 
cated. 

Scotland, it must be remembered, is always 
crowded during July and August, and motorists 
who desire, to travel in a casual way would be 
well advised to go there in June, which is an al- 
together charming month for the country. If 
this is too early, then it is advisable to book 
rooms in advance. In the mountains, it is always 
desirable to be thoroughly prepared for rain when 
touring in an open car. 

Coming south from Stirling via Lanark and 
Moffat to Carlisle, the journey will seem of small 
interest and great length compared with the 
other sections allocated to a daily route. From 
Carlisle it will be desirable to strike across towards 
the east so as to enter the Yorkshire district. 
Here, Harrogate offers suitable head-quarters for 
tourists engaged on excursions over the moors 
and into the many quaint old-world villages in 
that part of the country. 

York itself, it is interesting to remark, does 
not lie on the old and original Great North Road. 
Nowadays, of course, the highways are so numer- 
ous and so good in many places that there is no 
apparent difference between the road via York 
and the road that misses York ; it is merely a 
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matter of interest to kn >w that even in the early 
days the main highway was not itself diverted by 
the early importance of tlvc old capital city. There 
has always been considerable controversy as to 
which is and which is not the Great North Road 
of tradition in the many places where that high- 
way now divides only to rejoin at some more 
distant point. Not only is it a matter of con- 
troversy, but of some confusion too, for more 
than one good motorist has lost his way while 
trying to follow this perhaps the most famous, 
but in some places the least well defined of all 
our highways. 

Having visited York, there follow the less in- 
teresting towns of Selby, Doncaster, Worksop, 
and Chesterfield before Matlock, in the heart of 
glorious Derbyshire, gives the tourist another 
happy hunting-ground. Then down through Derby 
itself, through Ashby, Tamworth, Sutton, and 
Birmingham to Droitwich, where are the famous 
brine baths, and the doubtful delights of swimming 
in water in which you cannot sink but which will 
leave you with a saline deposit on your body that 
will ^all for exercises almost as vigorous as those 
associated with the revival of the apparently 
drowned in order completely to remove. 

Worcestershire and Warwickshire are two of the 
most attractive counties in England, but then one 
is inclined to say that of almost every county that 
we possess, for each in its way has delights that 
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are entirely satisfying to the lover of beautiful 
scenery. The route chosen lies through Worces- 
ter and Broadway, the latter being one of those 
delightful little villages lying at the foot of the 
hills, and having one of those fascinating old inns, 
the Lygon Arms, wherein is usually to be found 
a quantity of interesting old china and furniture. 

The nejct place of great importance on the 
return journey is Oxford, but needless to say 
there are many other towns within easy reach 
that would well repay a visit. Indeed, the entire 
circuit is but a solitary track through a garden 
of much loveliness, and at the best it can only 
serve to give the stranger a slight idea of the in- 
finite variety and scenic charm that our island 
possesses. Whole counties, to say nothing of the 
whole country of Ireland, have been omitted, but 
it is impossible to include everything in one 
circular tour. 

Before closing this chapter it seems proper to 
make some further reference to the sporting side 
of motoring, for the modern car owes its present 
perfection more to the early influence of this 
element than to almost any other factor. Jrue, 
the sporting element has often had a strong 
flavour of commercialism, but the fact remains 
that from the competitive use of cars, whether 
by the trade or by hona fide amateurs, much was 
accomplished towards the rapid evolution of a 
reliable and refined vehicle that could not other- 
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wise have been attained in the same short space 
of time. 

The early road races, and particularly the 
Gordon-Bennett Race, which was the Derby of 
motoring in the early days, taught manufacturers 
more in a few hours about the defects of their 
cars than they would ordinarily have learned in 
many months. It was expensive to compete in 
such events, but at the worst it was the purchase 
price of experience, and at the best there was 
always the chance of victory and its reward of an 
unrivalled advertisement. 

When Brooklands track was built, manufac- 
turers were surprised to find that the maintenance 
of high speeds thereon punished a car even more 
severely than ordinary road racing. On Brook- 
lands, a car is driven ull out from start to finish ; 
there are no corners where it is necessary to slow 
down or long descents where the engine can be 
given a comparative rest. These brief respites 
in road racing are an important consideration, 
or rather, to put it the other way, their absence 
from the conditions of track racing at Brook- 
lands is a factor that has disconcerted m^ny a 
driver and many a car designer who has wholly 
supposed that the only difficulty would be to get 
an engine to turn fast enough. 

At high speeds, Brooklands track gives the 
car a thorough jolting, and will shake loose any 
parts that are imperfectly fastened. Continuous 
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working at high pressure taxes the engine to its 
utmost, and speedily brings to a climax any 
defects in the lubrication, or coohng systems. 
Tyres, too, are punished very severely, especially 
by those drivers who do not take sufficient pains 
to study the exact position on the banking that 
suits their speed. 

The building of Brooklands was a remarkable 
enterprise for which Mr. Loche King deserves 
much credit, for it was a costly undertaking 
and held small promise of commercial suc- 
cess. Motor racing as a spectacle was doomed 
from the first to have very limited attractions, 
because the high speed of the cars renders a 
really close finish a mere accident. If a car is 
travelling at 70 miles an hour, it covers ap- 
proximately a hundred feet in a second, and 
although to be only one second behind the winner 
may seem a pretty near thing in a race that has 
perhaps occupied a quarter of an hour, yet, from 
the standpoint of the spectator who sees the two 
cars several lengths apart, the second machine 
appears to be hardly in the running. Moreover, 
Broqklands itself is so large, being over three miles 
to the lap, that high speed in the absolute is hardly 
appreciated. Indeed, a car has to run so smoothly 
in order to be capable of being driven at speeds 
in the neighbourhood of a hundred miles an hour, 
that the spectacular effect of these sensational 
velocities is almost altogether lost to the observer 
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at a distance. Looking down from the members’ 
bridge as the cars hurtle underneath on the steep 
banking is, however, a sight that is worth going 
far to see. 

As was forecast from the first by Colonel 
Holden, who designed the banking, Brooklands 
has attracted far more attention as a ground for 
record-breaking than as a race-course in the 
ordinary sense of the term. There is, in fact, 
at the time of writing, a very strong rivalry among 
some of the leading firms to beat each other in 
establishing new records for speed. Some very 
remarkable performances that have been more 
than creditable to both man and car have been 
accomplished at Brooklands. One of the first 
was Mr. S. F. Edge’s remarkable feat of driving 
for 24 hours on end. .During the night he had 
lamps placed around the track, and so he suc- 
ceeded in keeping his Napier car up to an average 
speed of 65-9 miles an hour, thus completing a 
journey of 1581 miles. Owing to inconvenience 
to residents in the neighbourhood caused by the 
noise at night, further 24-hour records were pro- 
hibited ; but since that time some still pore 
remarkable 12-hour records have been created, 
while attempts on the hour record, which stands 
at well over 100 miles, are matters of compara- 
tively common occurrence. 

Owing to the legal speed limit, competitive 
events on English roads are practically out of the 
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question where speed over a long distance is a 
factor of prime importance, but several ex- 
tremely interesting and very enjoyable competi- 
tive hill climbs have been organized by the Royal 
Automobile Club and by the various provincial 
clubs, and a few of the more important of these 
events still continue to take place annually, and 
they always attract not only a good entry list but 
quite a large number of spectators. 
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CHAPTER III 


THE FUNDAMENTAL COMPONENT PARTS 
OF A CAR 

A ny complete car consists essentially of 
chassis and coachwork. It is with the 
component parts of the former that this 
chapter deals. The chassis contains all the 
mechanism, it can be driven along the road, 
and it is a vehicle in everything save adequate 
accommodation for the passengers. 

It is convenient to regard the elementary con- 
struction of a motor-car chassis as comprising 
three groups of mechanism. Firstly, there is the 
frame, which is attached by springs to its four 
wheels, two of which are controlled by steering 
mechanism, while the other pair carry brakes. 

In this group we have the basic requirements 
of a vehicle. It remains to equip the frame with 
an engine, and to provide the engine with a system 
of transmission for communicating its power to 
the road wheels. 

The engine is essentially a self-contained unit. 
Those used on motor-cars have been developed 
on special lines to suit their particular purpose, 
but as power plants they are capable of operating 
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independently of the remainder of the chassis, and 
they might be used for extraneous purposes, such 
as driving electric light dynamos or water pumps, 
as indeed they are in some instances. 

On the other hand, the transmission is part and 
parcel of the car. In the form in which it is em- 
ployed in automobile construction it has no inde- 
pendent utility. 

There are, au fond, three units in the trans- 
mission system of a car : one is the clutch, another 
is the gear-box, and the third is the final drive. 

Of these three members, the clutch is situated 
nearest to the engine, and its purpose is to facili- 
tate the instantaneous disconnection of the trans- 
mission system from the engine. When the car 
stops, the engine does not necessarily stop. One 
does not stop a petrol ear as one stops a steam- 
car by stopping the engine ; on the contrary, the 
engine on a petrol car runs while the car is tempo- 
rarily at rest. Of course, if the car is to remain 
at rest for more than a minute or so, the engine 
is stopped in order to save petrol. Similarly, when 
descending a long decline, the engine is usually 
switched off by the thoughtful driver. , 

In most cases, the determining factor in the 
question as to whether the engine shall or shall 
not be stopped during a temporary halt of in- 
definite duration is whether it is easily started 
again. The introduction of automatic starting 
mechanisms will thus tend to make drivers stop 
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their engines as a matter of course, whereas now 
they are more often left running. 

Although the clutch is the mechaldsm by which 
the engine is connected to and i^sconnected from 
the transmission, its normal condition is one of 
engagement, even when the engine is running and 
the car is at rest. Provision is made in the gear- 
box for permanently interrupting the continuity 
of the transmission system and so the clutch is only 
used temporarily for this purpose. 

A powerful spring is used to hold the two 
members of the clutch in engagement, and a pedal 
is conveniently placed so that the driver can 
separate the halves of the clutch by the pressure 
of his foot. It is fundamentally necessary that a 
clutch should be instantaneous in its disengage- 
ment and gradual in its grip. 

If the engine, which is already running while the 
car is still at rest, were abruptly and positively 
coupled up to the transmission, the car would be 
jerked suddenly forwards to the great discomfort 
of the passengers. Also, the machinery might be 
unduly strained or even broken and the engine 
wouljl be very likely to stop. One of the primary 
purposes of a clutch, therefore, is to provide means 
for effecting the connection between the engine 
and the transmission progressively. 

^It is mainly on the delicate control of the clutch- 
pedal by the driver that this progressive engage- 
ment depends. Some clutches are “ fool-proof ” 
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to the degree that the foot may be suddenly^^ 
slipped off the clutch-pedal without a resultant 
jerk, but in the majority of cases, and particu- 
larly with old cars, the smooth starting of the 
vehicle appertains to the driver’s art. 

One of the two parts of the clutch is permanently 
connected to the engine, the other is permanently 
connected, to the change-speed gear. In some 
designs the gear-box is adjacent to the clutch, in 
others it is further removed towards the rear end 
of the chassis, in some cases it is to be found 
incorporated with the rear axle. 

In either case its purpose is the same, viz. to 
provide a selection of gears of different ratios 
through which the engine may drive the car. 

A petrol engine on an automobile is somewhat 
in an analogous position to a man riding a “ push- 
bike.” The cyclist finds that he can work most 
effectively when he is pedalling at a certain rate, 
and he has his bicycle geared to suit his ability. 
In hilly districts, a rider who is accustomed only 
to the flat is continually at a disadvantage through 
being unable to pedal as fast as usual, and his 
speed on the ascents is disproportionally slow, 

In order to remedy this defect, most modern 
bicycles have three speed gears incorporated in 
their rear-wheel hubs, and by the aid of this 
mechanism the rider is able to gear the machine t 
to suit the conditions en route. 

In the same way, the petrol engine on an auto- 
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mobile works best at a certain rate of rotation, and 
in order to enable it to maintain its revolutions, 
the driver “ gears ” his car to suit the prevailing 
gradient by “ changing speed ” while the car is 
running. 

For this purpose he has a lever convenient to his 
hand, and with this he moves the mechanism 
inside the box so as to alter the ratio of the revolu- 
tions of the engine per revolution of the road 
wheels. On the level, the engine may perhaps 
make three revolutions for one revolution of the 
road wheels, when climbing a steep gradient, the 
ratio may be, say, twelve to one. The exact ratio 
depends on the weight of the car ; thus a heavy 
limousine is lower geared than a sporting two- 
seater. 

Modern practice is to fit a gear-box containing 
either three or four alternative “ speeds ” in 
addition to the “ reverse ” that enables a car to be 
driven backwards. The provision of a “ reverse ” 
is required by law, besides being an essential con- 
venience. 

When the car is at rest, the normal condition of 
the ohange-speed mechanism is such that all the 
gears are disengaged. Under these circumstances, 
the lever is said to be “ in neutral,” and the clutch 
may be engaged with the engine running without 
fehe car. 

Whenever a gear is engaged it is essential 
that the clutch should be disengaged if the car 
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"is to remain at rest. If the clutch is engaged 
when a gear is “in," the car is thereby set in 
motion. 

The clutch is also disengaged as a preliminary 
to gear changing, and it is held “ out ” during the 
movement of the change-speed lever. When the 
gear has been changed, the clutch is re-engaged 
by gently diminishing the pressure of the foot 
on the clutch-pedal. 

Whatever “ speed " may temporarily be in use 
in the gear-box, the rotation is ultimately trans- 
mitted to the shaft that constitutes the “ final 
drive.” In modern design, the final drive is a 
longitudinal shaft called a propeller-shaft, which 
engages with the rear axle of the car either by 
means of a bevel or a worm mechanism. 

Formerly, it was customary to transmit the 
power independently to the two rear wheels by 
means of chains. The noise of the chain drive 
was responsible in the main for the universal adop- 
tion of propeller-shaft transmission to a bevel- 
driven live rear axle. More recently, however, the 
bevel drive itself has partly been ousted by the 
greater facility with which the worm-driveiV axle 
can be rendered silent in operation. 

Whether it is a worm or a bevel, however, the 
purpose is the same, viz. to transmit the rotation 
of the transmission shafting through a righ^/igle 
to the axle carrying the road wheels. 

Two adjuncts of the final drive that are essential 




The En(^;ine, Clutch, Gear-hox, and Foot-brake on a small Austin 
Chasms, illustrating a typical and siraigh iforward meitiod ok 
CONSTRUCTION AND ASSEMBLY 

The engine, with its accessories, such as fan, water pump, etc., forms a complete unit. It 
also carries the fly-wheel and the clutch contained in the fly-wheel. It is supported on an 
under-frame below the level of the niain frame, and this same under- frame supports the gear-box. 
Immediately behind the gear-bo.\ is the foot-brake. 
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to the satisfactory working of the c^r are the 
universal joints and the “ differential.’* 

The universal joints are the couplings that 
connect the propeller -shaft to tlje gCar-shaft and 
to the pinion-shaft driving the back axle. They 
permit the propeller-shaft to lie obliquely to the 
axis of the other two shafts, a condition that is 
essential because the axle is continually jumping 
up and down when the car is traversing rough 
roads. 

Sometimes there is a universal joint at each end 
of the propeller-shaft, sometimes there is one only 
at the upper end immediately behind the gear-box. 
Of the two systems, the former is designed to give 
a more uniform rotation to the axle, but the latter 
is associated with other structural features that 
also have their advantages. Engineering at its 
best is, of course, only a compromise ; perfection, 
even when apparently within reach in one direc- 
tion, generally brings in its train some other 
consideration that argues against a merely one- 
sided solution of the problem. 

In addition to the universal joints in the 
propg'ller - shaft, one and sometimes two are 
usually fitted between the clutch and the gear- 
box in order to facilitate alignment of the shafting. 
When there is only one joint, it should be regarded 
me^'cly as a coupling for convenience in the 
assembly of two separate members. Obviously, 
the shafts thus joined must either be truly in line 
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or they must lie obliquely to each other. In the 
latter case, the rotation of the driven shaft is 
slightly irregular. When two joints arc fitted, 
the driven shaft may be parallel to the driving 
shaft, but displaced from axial coincidence by 
only a small fraction of an inch. This is the kind 
of tolerance that is more likely to be useful in 
chassis erection, and the presence of two universal 
joints transmits uniform rotation to the driven 
shaft. 

In some designs, the engine and gear-box are 
either built as one unit or are so closely and so 
rigidly connected as to make this universal joint 
between clutch and gear-box unnecessary. 

The differential gear, to which reference has 
already been made, is situated in the centre of the 
back axle itself. Its purpose is to permit the road 
wheels to rotate at different speeds when the car 
is steering round a corner. Its importance and 
usefulness are not limited to the occasions when 
the car is literally turning a corner, for when even 
the car is steered to the right or left in order to 
avoid other vehicles it virtually turns a corner and 
the differential gear comes into operation accord- 
ingly. 

By its action, the differential gear allows both 
wheels to roll along the ground under all conditions. 
If it were absent, one wheel would have to slip 
whenever the car turned a corner, for on any other 
but a truly straight path the outer wheel has the 
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greater distance to travel in the same thne and, 
consequently, must either loll or slide over the 
ground at a greater rate. 

Of the two motions, it needs no explanation to 
show why the former is the more economical in 
tyre wear and, therefore, more advantageous to 
the car owner. 

Each of the rear road wheels of a livQ-axle car 
is driven by a shaft contained within the station- 
ary axle casing. As a rule, the wheels themselves 
are supported by ball bearings upon the axle 
casing and are merely driven by the revolving 
shafts through the agency of suitable couplings in 
the road- wheel hubs. This arrangement relieves 
the shafts of the bending stress due to the weight 
of the car — a weight which, in most cases, the 
axle casing can more readily be designed to 
withstand. 

At their inner ends, the axle-shafts engage with 
the differential gear, which will be described in 
detail elsewhere. 

When the road wheels of a car are rotated by 
the transmission, they tend to move forwards on 
their ©wn and means must be provided whereby 
they can push the car. The member forming the 
connection for this purpose between the axle and 
the frame is known as a radius rod. 

In some cases the springs themselves are hinged 
to the frame so that they can act as radius rods, 
but many designers prefer to fit separate radius 
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Tods and to attach the springs to the frame by 
shackle links in order to give them the necessary 
freedom of movement. When separate radius 
rods are used, they are generally fitted under the 
side members of the frame and are attached to 
lugs near the extremities of the axle-casing. 

In some cases, the radius rod is formed by a 
casing surrounding the propeller -shaft. This 
casing is then supported at its upper end in a 
large spherical trunnion. Such a structure may be 
used alone or it may be reinforced by radius rods 
that are intended to receive the direct shock that 
comes upon one end of the axle when one wheel 
only strikes an obstacle. 

Another member of the chassis that is analogous 
to the radius rod is the torque rod. When the 
propeller-shaft drives the axle there is a reaction 
that tends to make the axle-casing rotate hack- 
wards. In order to resist this reactionary torque or 
twist, an independent rod is usually attached to 
the centre of the axle-casing and is anchored to 
some convenient transverse member of the frame. 
Often, the anchorage of the torque rod incorporates 
a spring buffer in order to allow the transmission 
to “ give ” a little if the clutch is engaged care- 
lessly or the brakes are put hard on suddenly. 

Sometimes the springs are employed as torque 
rods. In other designs, the propeller-shaft is 
enclosed in a casing that resists the torque, but 
in some instances the upper end of this casing is 
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itself supported on the propeller,- shaft, which 
throws the reaction on to the upper universal 
joint. In other cars, the casing is independently 
supported by the frame, either rigidly or through 
the intermediary of a spring. 

There are, of course, a variety of other details in 
a modern chassis, but the foregoing is a summary 
of the essential members. I have reviewed the 
elementary vehicle as comprising a frame sus- 
pended on springs above a couple of wheeled 
axles that are designed for steering and also to 
carry brakes. Then I have taken note of the 
engine as a self-contained prime mover doing the 
work of the horse, and finally I have discussed the 
essential features of the mechanism whereby the 
power of the engine is transmitted to the road 
wheels and the push of the road wheels is com- 
municated to the frame. 

Having thus described the chassis in outline, it 
may be as well to discuss the elements of driving 
it on the road, as being a matter of more immediate 
interest to the prospective motorist than is a 
detailed knowledge of how the aforementioned 
parts afe either made or assembled. 
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HOW TO DRIVE A CAR 

T he art of driving a car may be con- 
sidered under two heads. One relates to 
the sympathetic use of the machinery, 
the other to the proper use of the road. Of these, 
excellence in the latter is fundamentally the more 
important quality in any and every driver, but 
it is the former that alone has the power to reveal 
the real joy of motoring to the man at the wheel. 

Handled just anyhow, a car is no more than a 
mere mechanism on wheels : it goes along, and 
that is all that can be said for it. Driven with 
appreciation of the latent powers and limitations 
of machinery, the automobile is truly a living 
thing ; it is sensitive as a thoroughbred to its 
master’s lightest touch. 

A really refined car is a perfect delight to drive ; 
the feeling of smooth, silent power, and the. sense 
of complete control that comes from the syn- 
chronous action of every mechanical detail, bring 
to the sensitive driver a satisfaction to be num- 
bered among this world’s greatest pleasures. 

Of all factors making for refinement in car 

construction and good driving, fundeimentally the 
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most important, in my opinion, is steering. 
Any car, no matter hovi^j heavy, shguld o)rdinarily 
be steerable by the left hand aloiie. I know of 
nothing that is so disconcerting ^nd that so spoils 
good driving, both from the mechanical stand- 
point and also as regards behaviour on the road, 
as a stiff or otherwise imperfect steering-gear. 
Even when the imperfection is so slight* as to in 
no way jeopardize safety, the subconscious effort 
that is constantly called into play becomes a 
severe strain on a long journey, and is account- 
able for much fatigue that otherwise would be 
absent. 

It is fundamentally important, as I have said, 
that a driver should pay all his attention to the 
road. This is necessary, not only in order that 
he may be alert against danger, but also in order 
that he may be alive to the observance of those 
courtesies that alone enable the driving of any 
vehicle to be practised as a pleasure. Unless he 
has a feeling of absolute ease in the control of his 
car, it is, I contend, impossible for him to be a 
good driver on the road. If the steering is stiff, 
he wiUlbe awkward and nervous when manoeuvring 
through narrow places, and will especially be 
guilty of that excessively unpleasant discourtesy 
of hugging the crown of the road in the face of 
an approaching car. 

To drive on one’s own side of the highway is 
a first principle in the etiquette of the road, and 
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those who fail to give way from the crown when 
another vehicle is approaching or overtaking, are 
guilty of an impoliteness that it is difficult to 
excuse. Some drivers are obviously nervous 
about getting too near the kerb or the ditch, but 
this, I think, shows lack of practice, and the 
remedy is obvious. 

Carters, and drivers of horsed vehicles generally, 
tend to keep on the crown of a much-cambered 
road, because it is easier going for the horse, and 
a certain type of motorist who is prone to imagine 
that he has a right to sweep the road clear for 
miles ahead by the abuse of an ear-splitting noise 
machine, might with advantage bear this fact in 
mind instead of so impulsively condemning all 
such slow-moving vehicles to the fires of inferno. 
If I speak feelingly in this, it is because I think 
the motor-hom makes an excessively unpleasant 
noise at its best, and should, therefore, be used 
sparingly. Because a car is the fastest thing on 
the road, some drivers imagine that they have 
a right to push past everything without a second’s 
delay. To be thus “ blown at ” by some nervous 
or unreasonably impatient driver is especially 
exasperating, and causes an irritation of mind 
that tends to destroy the good-fellowship of the 
road. Moreover, it is the motorist who has 
most to gain by increasing the courtesies of the 
road, for, using the fastest vehicle, he has the 
greatest need of pohteness from others : if only 
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Sketch illustrating the control members of a car, together with the various dashboard instru- 
ments. The subject of the above illustration is a Mercedes chassis, which has an unusuallv 
comprehensive group of such fittings. Immediately in front of the driver is the steering wheel, 
above which are two small levers. One of these is the throttle lever, the other is the spark lever. 
The throttle lever is set while the car is at rest, so as to enable the engine to run quietly and slowly; 
it is not moved afterwards. The ignition lever is retarded when running slowly, ana particularly 
when running slowly uphill ; it is advanced when the engine is running fast, whether on a high 
gear or a low gear. The direction in which these levers are moved to effect these objects varies on 
difierent cars. The steering wheel is, of course, invariably turned, in order to steer to the right, in 
the same direction as the natural rotation of the hands of a clock. Near the base of the steering 
column are the three control pedals. The clutch pedal is invariably the large pedal on the left, and 
the brake is invariably the large pedal on the right. The accelerator pedal is sometimes between 
the other pedals and sometimes on the right of the brake pedal. It is always a smaller pedal than 
the others. The clutch pedal disconnects the engine from the transmission and allows the car to 
come to rest while the engine is running. The accelerator pedal opens the throttle when it is 
pressed downv^ards. When released, the accelerator pedal closes the throttle as much as is per- 
mitted by the^gtiing of the throttle lever above the steering wheel. The speed of the car is entirely 
regulated by the accelerator pedal, which is controlled by the right foot. The ignition lever is 


On some cars there are four speeds and on others three speeds, lA addition to the reverse. The 
clutch must be disengaged when changing speed. The side brake differs from the foot brake in 
having a ratchet attachment so that it can be left “ on." Novices commonly forget to release the 
side brake when starting the car. On the dashboard is a switch which is moved to the “off” 
position for stopping the engine. The oil indicator must be observed at frequent intervals as an 
assurance that the oil pump is working. The petrol pressure gauge indicates whether there is 
sufficient air pressure in the petrol tank for the purpose of foi'cing m^rol to the carburettor. While 
the engine is running, this pressure is maintained by the automatic action of a pump or by the 
passing of a portion of the exhaust gas. Initially, pressure is obtained by the use of thfi hand pump 
on the dashboard. This pump can also be used in emergency while running if there is a leak m the 
pressure system and the carburettor shows signs of being starved wl^n ascending hills. An adjust- 
ment for admitting extra air to the carburettor when travelling at high speed is sometimes fitted. 
The grease pump on the Mercedes chassis is not usually to be found on other cars, nor is the p^al 
for cutting out the silencer so as to render the exhaust audible. 
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for this reason, therefore, he should learn to be 
pohte himself. 

I venture to say learm because the conditions 
of the road necessarily slem strange to the novice 
whose first experience of vehicular traffic is ob- 
tained from the driver’s seat of a car, and much 
that appears to be impoliteness is engendered 
through nervous ignorance. At first this is ex- 
cusable enough, but there are those on the road 
who seem to imagine that they bought their full 
competence to drive when they paid their 5 
shillings for a driving licence, for they appear to 
remain quite indifferent to their own clumsiness. 
Nervousness is at the bottom of most indifferent 
driving, as can readily be seen by the way in 
which so many drivers continuously blow the 
horn whenever they are within sight of another 
moving object. It is a most objectionable habit, 
for while it contributes immeasurably to the noise 
of our streets and to the irritation of people 
generally, it serves not one whit to enhance the 
safety of anyone concerned. In short, it is merely 
an audible advertisement of the driver’s own 
incompetence to control his car properly. 

A great deal of the horn-blowing that is at 
present necessary to safety might be eliminated 
by the adoption of the principle of “ the right of 
way on one of two roads at a crossing.” 

If, at a crossing, the tra'ffic on one street were 
arbitrarily given a right of way, and the trafic on the 




ClIANllK-SPEKD AM) BRAKE LeVERS AS FITTED TO THE 
LARDER NaTIER ('ARS 

Tlie reverstf speed is i;uai ded against accidental engagement by a catch on the quadrant. In 
Older to pass over this catch when intentionally engaging the reverse, the handle of the change- 
speed lever is raised. The sprag is a pawl that engages with ratchet teeth on the periphery of the 
foot-biake drum. Normally, the sprag is entirely out of action, but when put into engagement by 
the use of the handle, it prevents the car from running backwards w’hile permitting it to move 
forwards The sprag on a car is more often an independent fitting formed by a rod with a pointed 
extremit\, which can be lowered into direct contact with the road. In such cases the sprag is 
controlled by a cable terminating in a ring that is usually hung on a hook below the driv^er’s seat. 
Sprags are not now invariably fitted to all cars. When the sprag is in action it is desirable that 
there should be some device positive!)’ preventing the engagement of the reverse. 
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other street made to go*dmd slow by eusi^n that must 
be obeyed, the grave^t^ of 'road dangers’ ^mld be 
abolished, congestion would be ak^mted, and the 
noisy use of the horn would appreciably be reduced. 

On points affecting sheer danger on the open 
road, it is necessary to say less, becagnse caution is 
an inherent quality, whether possessed in greater 
or lesser degree. In principle, one should drive 
always so as to be able to pull up within the 
length of clear road in sight, but in practice it is 
scarcely feasible to adhere to the letter of this 
rule. The saving factor in a tight comer is the 
continued movement of the other vehicle, which 
renders it seldom necessary to stop dead. The 
novice should, however, practise pulling up to 
a standstill, in order that he may realize just what 
it means. 

When stopping a car in a hurry, it is important 
not to lock the wheels, because if they once com- 
mence to slide, the car is no longer under control, 
and the retarding force is probably less than the 
maximum obtainable. 

Different sorts of brakes produce different 
appgyent effects, and the driver must learn to 
use those on his own car to the best advantage. 
Generally, the foot-brake acts on the propeller- 
shaft, and usually it has metal-to-metal friction 
surfaces. Owing to the virtual leverage obtained 
from the gear ratio of the final drive in the back 
axle, as well as to the direct mechanical advantage 



".n M0T6RING 

* , ■ , ''' . •' " 

of the pedal, such a brake is 

very powerful, and prdinai^y should require no 
more than the gentlest touch with the toe to 
bring the car under control. If such a brake is 
clumpy applied by the full weight of the foot, 
it will give the impression that the car is about to 
double up on itself, for the initial retardation of 

'''is ‘ 

the car tends to throw more of the driver’s weight 
against the pedal, which produces progressively 
rapid deceleration and consequent discomfort to 
the occupants. On the other hand, fabric-lined 
brakes, and especially those that act direct on the 
road wheels, have the quality of softness in their 
action, but more force is usually necessary to 
produce an equivalent effect. For this reason 
they are less easily abused by the clumsy driver. 

On most cars, the side-brake acts on the rear 
wheels, and, owing to peculiarities in the applica- 
tion of a side-brake, it is on the whole desirable 
that this brake should not be too sudden in its 
action. The side-brake is sometimes said to be the 
emergency-brake, but this is a misnomer, for in 
emergency a man does what he is most in the 
habit of doing on ordinary occasions. Most drivers 
habitually use the foot-brake (which is why, from 
the engineer’s standpoint, there is much to be 
said for the connection of this brake direct to the 
rear wheels, in order to reduce wear and tear on 
the transmission joints), and it is the foot-brake 
that they will use in emergency. 
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When driving down long faiHs it || ip^visablc 
to use the fobtJ-hralJbf and -the side-^nfee alter- 
nately, in (wder to give tiife druinsS 4|id ^©es tiine 
to cool ; and it is because tl^, cooling may be 
diminished whon both hand- and foot-brakes act 
direct on the rear wheels that sojne dea^iners 
object to tlte practice of so arranging them, apart 
from the exertion of extra unsprung weight on 
the axle. 

When approaching what may be a steep 
descent, it is important to slow down before 
passing on to the slope. On a very steep slope, 
the pressure of the t 5 n-es on the road is diminished, 
consequently they will more readily slip if the 
wheels are locked. Also, the road surface is an 
uncertain quantity ; if it should be greasy on a 
steep descent, the danger of driving fast is very 
real. There is no excuse whatever for an acci- 
dent due to neglect of this precaution, and the 
driver who is caught by his lack of caution is 
little likely to receive outside sympathy. 

Some drivers appear to experience difficulty in 
releasing the side-brake. It is a perfectly simple 
operation if initially the lever be pulled slightly 
further on before attempting to release the catch. 
For this and the other reasons mentioned, it is 
good practice for a driver to accustom himself 
to use the side-brake in the ordinary course of 
driving. 

When leaving a car standing on a steep hill. 
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It % madvisable to trust to the brakes alone. 
Either the front wheels should be turned into the 
kerb, OT else a brick should be plabed behind the 
rear wheels. 

In the long run, good steering is the driver’s 
greatest asset. To be able instantly to judge 
space and speed to a nicety and to be competent 
to guid§ the car exactly on the chosen course is 
the quality on which, in a real emergency, the 
driver is most likely to have to depend. An easy- 
steering car is essential to the realization of these 
qualities in practice. 

On a straight road, a well-designed car almost 
steers itself. In any case, the hand really only 
keeps a check on the general direction. Those 
who are learning to drive always find it difficult 
to “ give the car its -head.” They try to steer 
every yard of the road, and by resisting every 
slight natural movement of the steering-wheel 
they wobble erratically from one side to the other. 

In steering, one looks ahead, and the faster the 
speed, the further off is the focus. In thus looking 
ahead, one takes into one’s range of vision all 
that is happening on either side, but it is;^ways 
towards the distant focus that one steers the car. 

There is a tendency among drivers of a certain 
class to lounge at the wheel ; but I have known 
no really good driver who did not sit well up to 
his work. There is a difference between sitting 
up and being nervously stiff in the seat. It is 
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impossible to drive uiiless on© is 

able, and whei one fe . comfortable is no 

need to be rigidly at attt^bn. Si^h d position 
is a sign of undue nervous striess. and must be 
very fatiguing ^ well as very unpleasant to the 
driver. Certainly, it leaves a very undesiriible. 
impression on the spectator. 

Any car ought to be easily steered .over an 
ordinary road by one hand, and in my opinion 
the left hand should be used exclusively for 
steering. By this I mean that it should not be 
required to perform any other necessary duties 
in the control of the car, for only on this basis 
is it reasonable to assume that it will confine 
itself in emergency to its proper duty. It is 
immaterial if the right hand be used in addition 
to the left as a matter of convenience, but I con- 
tend that a driver so frequently needs his right 
hand for other purposes that he cannot drive 
properly unless he is able to control his steering 
with one hand alone. 

With the right hand, it is necessary to do many 
things that cannot possibly be done if the right 
handj;^ always needed to assist the left in steer- 
ing. By no means the least important of the 
things that the right hand should do, is to signal 
the driver’s intentions to those whom they con- 
cern on the road. Many mishaps, and still more 
narrow escapes from mishaps, are due to sudden 
and unexpected movements by drivers who do not 



.'in ' ' '* 

practise the courtesy of signalling tl^ir 
intentions in advance. 

There is, perhaps, some difference of opinion 
as to how best to give warning of specific inten- 
tions, but everyone is agreed that some warning is 
necmary. Personally, I find that many drivers and 
P^icularly taxicab drivers, just make one vague 
lignal fpr each and every different action, and in 
consequence the only safe course to pursue is one 
of immediate caution and preparedness for any 
emergency. It is, however, without doubt, good 
practice to differentiate between signals, and my 
own habit in this matter is to point directly to the 
right when I am about to turn to the right ; to 
move the hand in a circle, like a wheel revolving 
backwards, when I am about to turn to the left, 
or to pull up by the roadside. This latter signal is 
to indicate that following cars may pass by on 
that side. When just about to stop dead, I hold 
my hand up rigidly vertical, with the forearm 
well outside the car, so as to be visible from 
behind. When driving in a stream of traffic that 
fluctuates in its speed, it is useful to signal a 
slowing down as distinct from an actual stoppage, 
by moving the hand gently up and down, and it 
must be remembered that all these signals are 
thoroughly worth while, because there is always 
the likelihood that the car behind may run into 
you and do your own coachwork more damage 
than you would do on your own account by 
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running into the car front. ^ As in ^^ttrythiag 
eke, however, it is otily |jy ittaWng ^ the 

practice that a driver cah ’rely lipoh hiinsdf td 
be regularly courteous in this m^ytterbn th^ road, 
and under present ‘ ckq^mstances' it certaiidy 
behoves everyoiw following another car to be p!^ 
pared for emergency without any such warning. 

Following a car always involves a certain ele- 
ment of risk, particularly when the car ahead is 
acting as pilot across strange country. The need 
for keeping it in sight is always at conflict with 
the desirability of keeping sufficiently far behind 
to be clear of its dust and to be out of danger of 
running into it should it stop, suddenly. When 
passing through towns, and trafiic generally, the 
driver of the car behind is very apt to get himself 
into difficulties if he allows his anxiety to keep 
level to get the better of his judgment. The lead- 
ing car will often take advantage of a gap in the 
traffic that it would be dangerous for the follow- 
ing car to attempt, and yet the natural tendency 
of the driver of the car behind is to follow just 
where the other car has gone. 

Rev4Jrting once more to the use of the right 
hand in driving, its most important purpose is to 
blow the horn, and although many drivers blow 
the horn unnecessarily often, it is absolutely 
essential to blow it sometimes, and the right 
hand must be ready at the psycholc^ical moment. 
It is because the right hand is ni^ded for this 
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piir|>o$e in particular that I have always beoi so 
strtmgly in fayotir of the accelerator-pedal as a 
meahs of controlling the throttle on a car. In 
the earlier days, it was common practice to cen- 
tred the throttle, which regulates the power of the 
engine and, therefore, the speed of the car, by 
a^ver fitted above the steering-wheel, and some 
nninufacturers retained this method alone for many 
years. A throttle-lever is still fitted above the 
steering-wheel on most cars ; but its present 
object is to set the minimum throttle-opening 
that will just keep the engine running nicely when 
the clutch is disengaged. 

If the car is wholly controlled by hand through 
the agency of the throttle-lever, there is sure 
to arise an occasion when some danger ahead 
demands that the driver should either close the 
throttle or blow the horn. If the throttle is under 
the control of the right hand, he cannot do both 
simultaneously, and he must, therefore, either 
blow the horn while the car proceeds full speed 
ahead, or close the throttle first and blow the horn 
afterwards. In this latter case, if the danger does 
immediately remove itself when the horn iy blown, 
be will tend to feel annoyed at having slowed 
down the car unnecessarily, and the next time he 
may try the alternative procedure — with equally 
unpleasant results. 

To argue that the throttle may be controlled 
by the left hand is to permit interference with the 
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exclusive use of tlae kit liand for 6lel|ifi^ pur- 
poses. On a question "oiflJ^iple, 
unfavourable to sucb an arr^gementt an^ ft>f tbe 
same reason I dislike the idea of the buttons 
of electric horns alon^ide the left hrafti on the 
steering-wheel. It is true that, in certaui fK|8i- 
tions, they are very convenient when there, 
but the left hand does not always hold the wheel 
in the same place or in the same way, and if it 
tries to keep within reach of the button under all 
circumstances, it is very likely to steer the car 
less perfectly than otherwise would be the case. 

By the use of an accelerator-pedal, the power of 
the engine is regulated by a gentle pressure of 
the foot. When it is necessary to go faster the 
pedal is depressed, and the foot is raised when 
it is desired to slow down. In emergency, the foot 
is removed suddenly and completely from the 
accelerator-pedal, and the engine slows down to 
the speed corresponding to the throttle-opening 
that has previously been adjusted by the setting 
of the throttle-lever on the steering-wheel. 

The actions of the right hand can thus be 
synchucgiized with those of the right foot, which 
controls the accelerator-pedal, and many functions 
of control depend for their nicety of operation on 
this sympathetic action. There is not only the 
previously mentioned case of blowing the horn 
and controlling the car speed simulteneously, but 
there is the equally important advantage of being 
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to the traffic behind when one is 
drawing oat from a. line of vehicles. Also, the 
operation of changing speed depends for its 
perfect performance almost entirely on the syn- 
chronbed control of the throttle and the change- 
speed lever. If the throttle and the change-speed 
levar 'are both controlled by hand, it is obviously 
in^iOssible to move them simultaneously. 

Qianging speed is an art that every driver of 
a car should take pains thoroughly to acquire, 
for there is nothing that gives such a bad im- 
pression, or is so undesirable for mechanical 
reasons, as the noisy grinding together of the 
teeth of the gear-wheels. 

It is quite unnecessary that there should be 
any such noise when gear-changing, but I must 
admit that some cars are much easier to change 
silently than are others. In order to change speed 
properly, it is necessary to appreciate the nature 
of the operation, not only as a mere movement 
of objects inside a box, but in the light of the 
mechanical significance of the effect such move- 
ment produces. 

So far as the former is concerned, thq*jiature 
of gear-changing consists merely in shding a 
toothed pinion out of mesh with one wheel and 
pushm|^ it into mesh with another wheel. This 
movement of the sliding members is accomplished 
by an equally straightforward movement of the 
change-speed lever. The mme important matter 
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to an<iei«towi, Wwe^W.'is 
aXt chAiiged^ ti*e ratio «be 

en^e repaired to prodtuST t 3 |e W -spe«4 

is alter^. ’ I i ^ ' 

'Mius, suppose oa a certaiaigeiir*tiie'eiai^e re^' 
volves at looo revolutions a luinute in ordef* tP’ 
produce 20 miles an hour, and that the gear is 
then changed " up " to another speed at which 
1000 revolutions per minute will produce 30 miles 
an hour. The car is, let us say, travelUng at 20 
miles an hour at the moment of gear-changing, 
and the engine is, therefore, revolving at 1000 
revolutions per minute. 

If the gear-wheel representing the higher speed 
of 30 miles an hour at 1000 revolutions were 
suddenly and in some manner caused to be en- 
gaged with its corresponding wheel while the 
engine was still rotating at 1000 revolutions per 
minute, the car would tend, in theory, suddenly to 
shoot forward at 30 miles an hour. In practice, 
it is impossible thus suddenly to accelerate such a 
heavy mass as a car, and any serious attempt to 
do so would result in breakage somewhere. 

Actually, it is difficult to cause two gear-wheels 
to aigage when they are rotating at very different 
speeds, and it is the ill-judged attempt to do so 
that is responsible for the noise that advertises 
bad gear-changing to everyone within range. 

The process of changing from one speed to 
another that ultimately will produOR a higher car 
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loi* the same engine revolutions, is called 
changing “ qp,” and from what has been said 
above it will be obvious that, in principle, the 
feature of clianging up should be a pause in the 
movement of the gear-lever between the with- 
drawal of one gear and the engagement of the 
next. This pause gives time for the engine-shaft 
to slow .down to a speed corresponding to the car 
speed and to the new gear ratio. 

If the difference in the gear ratio is slight, as 
often is the case in a gear-box that affords four 
fOTward speeds and a reverse, the pause required 
is less than in the case of a three-speed gear-box, 
where the difference in gear ratio is inevitably 
large between one speed and the next. 

Also, if the clutch has very light revolving 
parts, their momentum is small, and they will 
come to rest more readily than when the clutch 
is heavy, which will further tend to reduce the 
duration of the pause in changing up. 

Finally, there is, on most cars, a small fitting 
called a clutch-stop, which is mounted on the 
clutch-operating mechanism, ' and is so arranged 
that it acts as a brake upon the re volvir\g„ clutch 
member, thus bringing it more quickly to rest. 
The pressure with which this clutch-stop acts 
upon the clutch, depends upon the distance to 
which the clutch-pedal is moved when the clutch 
is disengaged, and so the effect of the clutch-stop 
is directly under the contiol of the driver. If 
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the clutch-stop is weU designed ani "^roperiy 
used it is possible to aboHsh the pau^^ in*(^hngmg 
up altogether. Indeed, i hav^ 'dlitreh tare ih 
which the change up co^d be f%cted as iquidkiy ; 
as the hand could moveihe lever ftom on^ end of 
its quadrant to the other. - f 

The clutch-stop is for use only when changing 
up, and if it is forced on too hard it will bring the 
clutch-shaft completely to rest and make the 
operation of gear-changing more difficult than 
ever. If this happens, the only way to get the 
gears engaged silently without stopping the ckr is 
to re-engage the clutch and slightly accelerate the 
engine while the lever is in the neutral position, 
i.e. between gears. 

Most difficulty in changing up quickly comes 
through lack of judgment in choosing the precise 
moment for the operation. It is difficult to give 
general advice on this point, but I have sometimes 
summed up the situation by saying, “ Always 
change up on a rising note.” When driving on a 
low gear there is, unfortunately, usually a noise 
in the gear-box, and as the car accelerates this 
tends .tp rise in pitch. It is at this moment that 
it is easiest to change up quickly and silently : if a 
later moment be chosen, when the gear-box noise 
has settled down to a steady shriek, a pause in 
the operation is essential, and any attempt at a 
qiiick change is certain to result in the grinding 
and gnashing Of teeth. i 
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It KsSIl be in practice, that the above Iflale 

le^is to the change up being effected jxist»as ©ne 
• reaid^ the crest of a hill. On the level, it implies 
a very brief use of the lower gears when startmg 
a car. Also, if for any reason the car has been 
driv^ on a low gear for some distance at a steady 
sfeeid on the level, the above advice advocates 
accelerating before changing up, no matter what 
|he speed of the car may be at the moment. 

When changing up while going downhill, it is 
generally necessary to move the lever as quickly 
as possible, because the car is moving dispro- 
portionately fast compared to the engine revolu- 
tions. Some drivers put the gear-lever in neutral 
when coasting, and sometimes find it difficult to 
re-engage the gears without first stopping the car. 
In such cases it is necessary to accelerate the 
engine with the clutch engaged and the gear- 
lever in neutral, then disengage the. clutch and 
quietly engage the gear. 

The amount of such acceleration that is required 
can only be judged from experience : often I 
have found it easier to engage the lower gear 
under such circumstances, owing to over-decelera- 
tion of the clutch-shaft. 

In all gear-changing operations it is essential 
to be calm and precise. If the gears grind, on no 
account force the lever. If in doubt as to whether 
the relative speed of ►the clutch-shaft is too high 
or too low, re-engage the clulch with the lever in 
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neutral, accelerate the " en^ne, the 

clutch,* and then move the lever intoHlfe toowr 
speed notch. It is, I have fodud, eas^ to 
engage the lower speed nois^essly’ in^ tjus 
than to engage the top speed in silei^. * ’ * ' 

To change up in a hurry on a hill is sometkiies 
essential, and it is a very exceptional car and 
driver that effects such a manoeuvre silently. 

On some cars that have a jaw clutch couplji^ 
for the top speed, I have observed that it facilitates 
silent changing up if the clutch be re-engaged on 
an almost closed throttle while the lever is passing 
through its neutral position between gears. 

In every gear-changing operation it should be an 
invariable practice to disengage the clutch before 
engaging a gear. It is possible to disengage a 
gear without disengaging the clutch merely by 
suddenly closing the throttle and pulling the gear- 
lever, but -the method is not to be generally 
recommended. The sudden closing of the throttle 
causes the car momentarily to overrun the engine, 
which relieves the pressure on the teeth of the 
gear-wheels and so permits of their disengagement. 
Similarly, the next speed can be engaged by an 
immediate continuation of the movement, but • 
this sort of trick changing should certainly be 
avoided by the novice. 

When changing " down ” the cqnditibns to be 
fuffiUed are the reverse of those thj|t obtain when 
ciwQging “up.” After the change, the ei^^ 
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unll to revolve faster in order to maintain 
the same car speed, consequently it is necessary 
to acceterate the engine in the interval between 
geais.- 

M* in the case of changing up, the 4-speed 
gear^bbx requires less acceleration in the interval 
3-speed gear-box, and some 4-speed cars 
can be changed up or down as if there were no 
gears at all in the box. 

The action of accelerating the engine while the 
lever is passing through neutral, is called “ double 
clutching.” It may be performed in two ways. 
One way to “ double clutch ” is to make the clutch 
slip by a slight pressure on the pedal and to pull 
the lever quickly into the lower gear with the 
throttle full open. This is a slurred movement 
that is not always as effective as it is intended it 
should be, but it is the quickest way of changing 
down in emergency. 

The other way of double clutching is to dis- 
engage the clutch completely while disengaging 
the higher gear, and to re-engage the clutch 
completely when the gear-lever is in neutral. 
Wh^n the clutch is thus re-engaged, th$ ‘engine 
is accelerated just as if it were really driving the 
car, the clutch is then disengaged and the lever 
moved quietly into the lower speed. 

This method involves a series of deliberate 
actions, and yirtually' regards the neutral posi- 
tion of tlw lever* as an intermediate speed that 
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mwst be el^age^ in every ojpCTaticai ^angiAg 
down. With practice, tils tiine lost is ylhi^ort, 
and in ordinary touring the tielay lesy conse- 
quence than it is in a cOTnpetkire hill climb. 
Personally, I prefer tliis method, because it' is 
better suited to the requirements of driving msmy 
very different cars. On long hills, I ma^ a 
practice of changing down very leisurely before 
the engine begins to labour, and as the car speed 
is still fairly high under such circumstances this 
involves considerable acceleration of the engine 
while the lever is in neutral. 

Although the acceleration in neutral is a little 
alarming to the novice, who generally dislikes the 
idea of moving his gears while they are spinning 
fast, it is, nevertheless, the only way to acquire 
complete control over the silent movement. A 
good way to practise double clutching is to do the 
operation on the level, or even on a slight decline 
along which the car will roll of its own accord, at 
about 15 miles an hour. All the operations of 
gear-changing can be studied and practised at 
leisure in this way. 

It jvill be understood that the right fpot is 
raised from the accelerator-pedal whenever the 
left foot is disengaging the clutcb- This is in 
order to avoid “ racing ” the wheii it is 

suddenly disconnected from the transmission. 

When re-engaging the clutch, the., accelerator- 
pedal must be depressed so ais ‘gradual^ h) open 
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isdictted whftn the. engine neither races nor 
1 falters in its immediate action. If the throttle is 
opened too soon the engine will race : if too late 
the engine will falter, and may even stop, 

Rractice is required to make the right and left 
f^t work , sympathetically on the accelerator 
and clutfh pedals, but their action in this manner 
is one of the secrets of good driving. Some 
drivers appear to pay very little attention to the 
speed of the car when they are re-engaging the 
clutch, and this is an important defect, because 
it is the cause of that very unpleasant jerk 
that sometimes accompanies the action of gear- 
changing. The degree to which the throttle should 
be opened in S5mchronism with the engagement of 
the clutch depends on the car speed itself. If the 
car is travelling fast, it is essential to accelerate 
the engine proportionately when re-engaging the 
clutch, otherwise the engine will act as a brake. 
On the other hand, over-acceleration of the engine 
when re-engaging the clutch causes the car to 
make an equally unpleasant “ leap ” forwards. 

The intentional use of the engine as a br.^ke on 
long descents is permissible, but not necessarily 
desirable. It is effected by merely dosing the 
throttje, and if the braking effect required from 
the engine in this way is considerable, it is 
necessary to engage a lower gear. 

On excessively steep descents, it is a wise pre- 
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cautim to engages a, lipee^ aiMi|p|^tdi M. 
The engiae alieii thiis^«apioyed4B^p0ft«:'li troe 
air brake, becaiise most <k the woric4^h fey c<»h* 
pressing the air in the cylinder d|^rjng one strdloB 
is ^ven out again by aa&ral eaqpanSion during the 
next stroke. T^iere is, however, sonie Iqsa. of. 
efficiency in this “cycle” of operations whkfe,' 
together with the friction of the engine, consti- 
tutes the braking resistance. Some engines have 
been designed so that, by a movement of the cam- 
shaft, they can be converted into true air brakes, 
but this system has not been widely adopted. 
It involves operating the valves so that the air in 
the cylinders shall be discharged after compression. 

One objection to the habitual use of the engine 
as a brake is that its action in this capacity 
sometimes'tends to draw too much oil up past the 
pistons and on to the cylinder heads, where 
it may foul the ignition-plugs and the valves. 
Surplus oil is particularly likely to incapacitate 
the reserve set of ignition-plugs, if such are fitted, 
from further action. 

On balance, I think it is quite desirable to be 
able t,o use the engine as the additional brake when 
there is any doubt about a very steep hill, and 
for this reason I am unfavourably disposed toward 
the permanent interconnection of the clutch with 
the side-brake, which at one timf was common 
practice in motor-car design. If the clutch is so 
interconnected that .the application of the ^e- 
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l^alct soiUoiiiatically disengages it, thete viU i>e 
n© |)OSsibiKty of nsing the engine as an additional 
brake simultaneously with the side-brake itself. 
On a long, steep, hill it, is desirable to be able to 
employ simultaneously all the alternative brakes 
that are available, notwithstanding that, in the 
ordinary course of events, one would only use 
tliem alternately. It has never been quite clear 
to me that there is any positive advantage in 
connecting the side-brake with the clutch, beyond 
the very elementary one concerned with the 
prevalent habit of novices who frequently forget 
to release the side-brake when starting the car. 
This forgetfulness so soon disappears with the 
advent of a little experience that it is scarcely a 
factor that should be allowed to have a permanent 
influence on the detail design of the car. 

Any machine is strange and awkward to handle 
at first, and any driver who desires properly to 
learn his art is naturally nervous when he first 
assumes control of the wheel. My own advice to 
those who would learn to drive a car thoroughly 
is that they should train their minds first by 
“ looking over the driver’s shoulder,” so to speak ; 
and I can speak from experience in this, for I 
learned much from many of the pioneer motorists 
while travelling as a passenger in the front seat 
or on the floor, which latter is a fascinating place 
that motorists nowadays are unable to enjoy 
on account of the presence of doors to the coach- 
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work ! . Speed changing, the rise of the. If . the 
judging of distances and . speeds, ; the' |!<eneral 
behaviour of traffic, and all maniler of’us^ 
things can be studied in detail and Uiought out in 
the mind far better from the passenger’s seat 
than is at first possible under the onus of the 
responsibility for the actual control of the car. 
Needless to say, practice alone can bring the 
knowledge of experience, but as a groundwork 
the beginner will find such mental instruction 
extremely useful and very interesting. It is every- 
thing in driving a car to do the right thing without 
stopping to think about it, and this faculty is 
acquired only when the mind spontaneously 
dictates the right action as the result of prior 
knowledge. And, in so far as the training of the 
mind relates to the mechanical operations of 
control, much of it may, I think, be acquired in 
advance by the exercise of a little imagination. 

When, having looked over the driver’s shoulder 
long enough to have engendered a strong desire 
to take the wheel, you find yourself at last sitting 
in the driver’s seat, it is wise to try to bear in 
mind. the fact that you will never be able to drive 
properly until you feel a thorough composure 
about all that you undertake. 

Be comfortable, and be quiet. Don’t fidget, 
and don’t do things by jerks that make your body 
heave every time you advance the ignition or 
take out the clutch. Just sit there very peacefully, 
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yet dfei. Let yo^ir ambition be so to^ drive that 
no (me will knew when you use any portion of 
the control. The car must become a part of 
yourself, and the least thing wrong with it you 
must detect subccmsciously and not by direct 
attention. Your conscious notice must be de- 
voted to your 'environment, which also you must 
try to make part of yourself so far as it is 
possible to do so. In time you will be able to tell 
in advance almost exactly what the drivers around 
and about you are going to do. Or it is perhaps 
better to say that it was possible to do this at one 
time, when other drivers kept well to their own 
side of the road and thought to signal before they 
changed their course. 

Close attention to the traffic is, in any case, of 
first-class importance, and there is nothing that 
makes a driver look so gauche as to get out of step, 
so to speak, with the general stream. Such an one 
nearly runs into the back of the car in front of 
him and then fumbles with his gears after the 
policeman has lowered his hand for the traffic to 
proceed. There he is, still in the middle of the 
crossing with the vehicles going all ways at once 
around him, and the inevitable climax arrives 
when in desperation he puts in the high speed 
instead of the low, lets his clutch in with a bang 
and stops his engine. 

If this happens to you when you are a novice, 
as is more than likely to be the case, take your 
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time about restarting' and don't » flurried 
by the conversation Hlii^t; springs ;tg) 'in your 
vicinity. It is always worth list^ing to, for 
much of it is highly amusing ^hdugh a trifle 
personal and occasionafly’pointed. Above all, never 
try to start the engine before you have actually teen 
and felt that your gear-lever is in neutral. Neglect 
of this precaution may result in the car. running 
over you. Also, put on the side-brake before you 
leave the car, and remember to retard the ignition 
and set the throttle in its proper place before you 
wind the handle. If you do all these things calmly 
and quietly, and succeed in starting the engine 
on the first turn, the onlookers may think after 
all that it was the engine’s fault. You will have 
scored a moral victory, and incidentally will have 
succeeded in restarting in the shortest possible 
space of time. 

Besides, in starting an engine everything de- 
pends on the adjustment of the throttle and the 
setting of the ignition-lever. The ignition-lever, 
by the way, is the oth^ lever above the steering- 
wheel. As these levers are seldom marked, their 
initial, identification generally involves an ex- 
amination of the connections. For starting, it is 
proper to retard the ignition in order to avoid a 
backfire, which may do damage to your wrist. A 
backfire is when the explosion takes place in the 
cylinder too soon, and so causes the engine to 
start the wrong way round and to carry the 
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startiiig-handle with it. When the engine gets 
going in the proper direction, the starting-handle 
frees itself automatically. 

If the car is fitted with magneto ignition only, 
as the majority of cars are to-day, it does not 
facilitate starting to have too much retard. 
Full advance is sometimes the only way to start 
easily, hut you must hold the starting-handle with 
due regard to possible emergencies and in such 
fashion that it can slip through your fingers with- 
out much trouble. If the ignition is properly 
advanced and the carburettor properly set, any 
gobd engine ought to restart when warm with a 
single pull-up of the handle. Some magnetos are 
designed especially to start with a full retard. 

Winding or swinging the engine is an occupa- 
tion of which, at the best, it may be said that 
“ a little goes a long way.’' There is a knack 
about swinging an engine that some people find 
much difficulty in acquiring. It does not need 
strength, as a rule, for many strong men are 
absolutely nonplussed by an engine that a child, 
having the knack, could wind easily. 

Having restarted the engine under the*±rying 
circumstances represented, for instance, by an 
accidental stoppage in the middle of Piccadilly 
Circus, you retake your seat and then experience 
what is perhaps the most trying moment of all 
for the novice. All your good resolutions about 
using the clutch and the accelerator in harmony 
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are veiy apt to go to the winds. Also> t^ete is that 
inevitable trick* of leading the side-brake on, so 
that even an otherwise well-exechted start is 
rendered abortive in the most ignominious manner, 
and the whole process Of restarting the engine has 
to be gone over again. ‘ T 

One httle fault noticeable in many drivers is 
that they grind their gears before starting, when 
first moving the change-speed lever. This is due 
to not using the clutch-brake sufficiently. The 
car being at rest, the clutch-shaft must also be 
brought to rest before the gears can be engaged 
silently. The engine is probably running rather 
fast, as it has just been started on a partially 
open throttle, and so the clutch-shaft will have 
a good deal of spin on it when the clutch is first 
disengaged. The remedy is to push the clutch- 
pedal right forward and to pause a moment before 
moving the lever, so as to make quite sure that the 
clutch-shaft is stationary. 

Having engaged the low speed, take off the side- 
brake ; not vice versa. Then let in the clutch 
gently, and not so as to skid the wheels. In 
starting a car, as in overcoming other difficulties, 
there is much truth in the old adage “ The more 
haste the less speed.” 

Remember also to retard the ignition when you 
are forcing the car to accelerate or to climb bills 
on the top gear. Advanced / ignition should 
accompany high engine revolutions or light loads 
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only; a retarded spark is necessary when the 
engine is pulling slowly uphill. But it is always 
advisable to advance the ignition as much as the 
engine will stand without “knocking,” for it pro- 
motes economy in petrol consumption and prevents 
overheating. 

When driving keep your eye on the road and 
be prepared for any emergency. Never look at 
your control-levers, for you must be able to find 
them and use them properly while still looking 
ahead. Never release your left hand from the 
steering-wheel ; but while your grip on the 
wheel should be secure, keep a supple wrist so 
that the car may follow its own straight course. 
It is on your ability to do the right thing with 
the wheel you will most depend in emergency. 
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CHAPTER V 


DETAILS OF THE TRANSMISSION MECHANISM 

A S the general purpose of the chief mem- 
bers of the transmission mechanism of a 
car has been explained in a preceding 
chapter relating to the component parts of the 
chassis, it only remains in this section of the 
book to describe in greater detail the construction 
of those members, so that their action may more 
readily be understood and their proper use better 
appreciated. 

The clutch is the first member of the trans- 
mission system, and its purpose is to disconnect 
the eftgine from the shafts that drive the road 
wheels. When the clutch is " in ” the engine is 
coupled up to the transmission so as to drive the 
car ; when the clutch is “ out " the engine is dis- 
connected and may run freely without driving 
the car. Similarly, the car can ” coast ” down- 
hill when the clutch is " out ” without turning 
the engine. 

The clutch is situated immediately behind the 
engine, and on most cars is just under the dash- 
board. Usually it is incorporated with the fly- 
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wheel, but occasionally it is to be found in the 
gear-box. 

The simplest form of clutch is the cone type, 
and the simplest form of cone-clutch is that in 
which the fly-wheel is hollowed out to receive a 
shallow aluminium cone that has its tapered rim 
surfaced with segments of leather. The leather, 
which is riveted in place, affords a good grip 
against the metal face of the fly-wheel, and if 
the leather is kept in good condition by an occa- 
sional dressing of suitable oil, the action of a 
leather cone-clutch will be quite smooth in its 
engagement. 

A strong spring is used to force the cone against 
the fly-wheel, and this spring may be concentric 
with the clutch-shaft, or so arranged as to operate 
through the clutch-pedal mechanism. Sometimes 
a series of smaller springs situated between the 
shaft and the rim are used instead of a single 
spring ; it depends upon the detail of the chassis 
design as to which system is adopted. 

An extension of the engine crank-shaft forms a 
spigot for the support of the movable clutch-cone, 
and it is important that this bearing should be 
lubricated. When the clutch is out, considerable 
relative motion takes place at this point. 

In some cone-clutches, the leather surface is 
abandoned in favour of metal, but usually an all- 
metal clutch consists of discs. Some clutches of 
this type have twenty-four discs ; half of them are 
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carried by a casing bolted to the fly-wheel, and the 
remainder belong to the clutch-shaft. The fly- 
wheel and clutch-shaft discs are adjacent to each 
other, the two sets being, as it were, interleaved 
with each other. When pressed together by the 
clutch-spring, they virtually form a solid mass, 
and the fly-wheel is thus coupled up to the trans- 
mission. • When the spring pressure is released, 
the plates slip over each other at once, for it is 
only when they are forced tightly together that 
these flat surfaces can exercise a grip on one 
another. 

In a disc-clutch, the clutch-pedal does not 
directly act upon the discs themselves, but only 
on the clutch-spring. The discs do not move 
appreciably, for they do not wedge together, as in 
the case of a cone-Clutch. In one type of disc- 
clutch, however — the Hele-Shaw — the discs are 
corrugated with a concentric V grooving. 

As a rule, the disc-clutch has numerous thin 
plates, and is lubricated with oil contained in the 
clutch-casing. Other forms of disc-clutch have 
fewer and thicker plates, and are often lubricated 
with graphite. These clutches are frequently 
referred to as “ plate ” clutches. 

Although many types of change - speed 
mechanism have been invented, the earliest 
has survived them all. It consists of two shafts 
side by side, the one being driven from the other 
by a pair of gear-wheels. The second shaft, to 
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Various forms of clutch-stop. The clutch-stop is used for checking the rotation of the clutch 
len changing up. It is connected to the clutch-pedal and is brought into action by pressing the 
dal further forward than is absolutely necessary to disengage the clutch. It is used only when 
anging up, never when changing down. 
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which the power is thus transmitted, is known 
as the lay-shaft. 

On the lay-idiaft is a row of spur-wheels, and 
nearly opposite to each wheel is a corresponding 
spur-wheel on a shaft that lies in line with the 
above-mentioned engine-driven shaft, but is in 
fact a separate member. This latter shaft is con- 
nected t6 the propeller-shaft, and is frequently 
called the “ through ” shaft. 

The spur-wheels on the through-shaft are free 
to slide axially, and their positions are controlled 
by forks that engage with grooves cut round the 
bosses of the wheels. Usually, these wheels are 
joined together in pairs, so that two forks serve 
to control the movement of four wheels. 

The forks themselves, are controlled by the 
change-speed lever. Each fork is connected to its 
own rod, and the lever engages with one rod or 
the other according to its position in the change- 
speed quadrant. It is when the lever is passing 
through the “ gate,” or slot, in the middle of the 
quadrant, that it is disengaging from one rod and 
engaging with the other. 

By moving the change-speed lever forwards 
or backwards, one of the rods is caused to slide 
one of the gear-wheels along the through-shaft, 
so that it engages with one of the gear-wheels on 
the lay-shaft. The engine-power is then trans- 
mitted from the lay-shaft to the through-shaft, 
and so to the propeller-shaft and to the back axle. 



"Auto" Copyright Photog7'aphs. 

The CENTKAl. IHIRTION OF A CHASSIS, SHOWING IHE Cl.Ul'CH AND 

riiE Gear-box in sith 

The upper view is taken from a Napier chassis, the lower photograph being a Stoewer. In 
the centre a multiple disc-clutch from a Vauxliall car is shown dismantled. On the right is a 
universal joint from a Napier car. The multiple disc-clutch is enclosed in a casing that is 
bolted to the fly-wheel. One part of the universal joint is carried by the foot-brake drum. 
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In .the meantime, the other operating rod is 
held firmly in its neutral position by a locking 
device that is automatically controlled by the 
movement of the change-speed lever. It is im- 
possible, therefore, for two speeds to be simul- 
taneously engaged. 

According to the relative sizes of the engaging 
wheels so is the gear ratio corresponding to the 
gear in use. Thus, if the wheel on the lay shaft 
is small, and that on the through-shaft is large, 
the gear ratio is low, because the lay-shaft, and 
therefore the engine, will have to turn many times 
in order to turn the through-shaft once. 

It is modern practice to provide a direct drive 
on the highest or “ top ” gear. This is obtained 
by coupling together the engine-shaft and the 
through-shaft by a direct connection that dispenses 
with the intermediate lay-shaft. The connection 
is effected by some kind of jaw-clutch, which 
may be formed by sliding one of the gear-wheels 
inside a hollow member that has gear-teeth pro- 
jecting inwards. 

The purpose of the direct drive is to decrease 
noise; and increase efficiency. In itself, it is 
absolutely quiet, and it loses no power, which 
accounts for the relative silence of a car that is 
being driven on “ top " as compared with its 
behaviour on one of the low speeds when hill 
climbing. 

In addition to the forward speeds, the gear-box 



104 


MOTORING 


must also provide a reverse. This is usually 
obtained by sliding another pair of- gear-wheels 
simultaneously into engagement with wheels on 
the lay-shait and the through-shaft. These 
reverse pinions are carried on a separate shaft 
that is commonly situated at the bottom of the 
gear-box. They are operated by an independent 
rod, to Qontrol which the change-speed lever has 
to be moved into a notch in the quadrant that 
should normally be protected by a latch. In gear- 
boxes that have only three speeds, a modified 
system of control is employed by which the need 
for a separate rod is obviated. 

Sometimes the through-shaft in the gear-box 
forms the member that is driven directly by the 
engine. In this case, the power is transmitted 
first to the sliding-wheels on the through-shaft, 
thence to the lay-shaft and from the lay-shaft 
back again to a short shaft that is connected to the 
propeller-shaft. 

In this type of gear-box the “ permanent ” mesh- 
wheels, that is to say those between the lay-shaft 
and the propeller-shaft, lie at the rear end of the 
box. In the previously described design^ the 
permanent mesh-wheels, which in this case belong 
to the engine-shaft and the lay-shaft, are situated 
at the front end of the box. 

The essential difference in the two systems 
concerns the speed of the lay-shaft when it is 
revolving idly while the car is on its direct drive. 
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If the permanent mesh-wheels are in front, the 
lay-shaft revolves at a slower speed than the 
through-shaft ; if they lie behind, the lay- shaft 
revolves at a higher speed than the through-shaft. 
Tlic desirability of a slow-speed lay-shaft is due 
to th(' fact that it is likely to be less noisy and 
that it facilitates gear-changing. 

In a few cases, means are provided whereby the 
lay-shaft is disconnected on the direct drive and 
so can come to rest. Apart from increased cost of 
construction, this system is apt to need a little 
more care in changing down from the direct drive 
to the next lower speed. 

Also for the sake of silence, the teeth of the 
permanent mesh-wheels are sometimes cut on the 
slant. Such wheels are called “ helical wheels,” 
and because the engagement of their teeth during 
rotation is progressive, they are potentially less 
noisy than a straight-cut tooth. 

In. the gear-boxes on the London omnibuses, 
the lay-shaft and the through-shaft are connected 
by ” silent ” chains instead of by direct meshing 
gear-wheels. These special chains are not roller 
chains, like those used on bicycles, but are more 
like a steel belt with inwardly projecting teeth. 
The teeth engage with gear-wheels that outwardly 
resemble those ordinarily employed in gear-boxes. 
The chains do not slide in order to change gear ; 
instead, one of their gear-wheels rides freely on 
its shaft, and a jaw-clutch is used to couple it 
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to the shaft when that particular speed is r.equired. 
There is a chain for each speed, and the jaw- 
clutches are controlled in the orthodox way by a 
change-speed lever. 

Silent chains of this type are now frequently 
employed for driving the cam-shafts of engines 
and for driving the magnetos, but they have not 
been adopted in the gear-boxes of pleasure cars. 

Immediately behind the gear-box is, usually, a 
brake. This consists of a steel drum, carried on 
an extension of the gear-shaft, and a pair of shoes, 
supported on the gear-box itself. These shoes are 
generally controlled by a pedal, but on a few cars 
they are operated by the side-lever. They may be 
either outside the drum, in which case they con- 
tract upon its exterior, or enclosed within the 
drum, in which case they expand against the 
interior surface of its rim. 

The movement of the shoes is slight, and is 
obtained either by rocking a cam, by turning a 
screw, or by the direct pressure of a toggle-lever. 
In most cars the brake-shoes have cast-iron liners 
riveted to them ; the drums are generally made 
of steel. 

Attached to the brake-drum is one half of the 
universal joint, the other half being fastened to 
the propeller-shaft. These halves are commonly 
fork pieces, and they are joined together at 
right angles by a + piece. In order to provide a 
limited amount of telescopic motion, the propeller- 
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shaft is usually arranged to slide inside the boss 
of its forked extremity, the necessary engagement 
being maintained by grooves and solid keys, or by 
a simple squared end on the shaft. 

■ Another form of universal joint consists of a 
hollow cylindrical member that is rigidly attached 
to the brake-drum. The other half of the coup- 
ling, which is rigidly fixed to the propellen-shaft, 
is free to slide to and fro inside this box. The 
connection between the two parts is effected by 
a' pin fitted at right angles to the propeller-shaft. 
This pin engages with grooves in the outer box, 
suitable metal blocks being fitted to the ex- 
tremities of the pins in order to locate wear on 
readily renewable members. 

Yet another form of universal joint consists of 
several layers of leather riveted together in the 
form of a ring, which is used to join together the 
two forked members. 

From the universal joint, the power is trans- 
mitted to the propeller-shaft, which needs no 
detail description, and thence to the level pinion 
that drives the crown-wheel on the live rear axle. 

In some cars, the bevel gear is replaced by worm 
gearing for the sake of greater silence, in which 
case the worm-wheel occupies a similar relative 
position to that occupied by the crown bevel 
wheel. 

The bevel crown is bolted to a cage-like box 
containing the differential gear, the purpose of 
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which has been described in another, chapter. 
Inside the diherential cage are spur pinions that 
engage with pinions fastened to the inner ends 
of the two halves of the live axle proper. 

For the purposes of explanation, it will be more 
convenient to describe the differential gear as 
if the cage contained only one pair of pinions. 
These, are carried on parallel pins that lie across 
the cage and are supported in its side walls. 
When the cage revolves, the pins and the pinions 
move bodily around the axis of the back axle. 

One of the differential pinions engages with the 
pinion on the inner end of one of the live-axle 
shafts. The other differential pinion similarly 
engages with the pinion on the inner end of the 
other half of the live-axle shaft. 

The differential pinions also engage with each 
other. This is effected by making the differential 
pinions wider in the tooth than the axle-pinion, 
so that they can overlap each other. It is, of 
course, this overlapping portion that is in engage- 
ment. 

If we imagine the differential cage to be held 
stationary while one of the halves of the* axle is 
rotated, the differential gear will act as a simple 
reverse mechanism. Thus, the axle-pinion will 
drive one of the differential pinions, which will 
rotate the other differential pinion in the opposite 
direction. This in turn will drive the other half 
of the live axle backwards. 




The reverse speed obtained by sliding a pair of pinions that are mounted on a spindle in the bottom part of tbe box. These pinions engagt with the first- 
speed gears on the lay-shaft and the through-shaft, and they reverse the motion that is transmitted from the la> -''haft to the thiough-shaft x ia the t^r^t-speed 
wheels. At the same time, they introduce a further gear reduction, so that the rexerse is a loxxer gear than the first speed. On the right, is seen the interior of a 
chain-gear box such as is used on the Daimler ’buses and other public service vehicles in London. The lay-'-haft and the through-shaft cairy gear wheels 
that are connected by belt-like toothed chains. 1 he speeds are engaged by sliding jaw clutches. 
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If we -now imagine that the whole differential 
gear is revolving bodily on its own axis, while the 
above-described rotation of the shaft is proceeding, 
it will be apparent that this superimposed motion 
of the differential cage will tend to accelerate the 
forward rotation of one wheel, and decelerate 
the reverse rotation of the other. Thus, for 
example, we can imagine one wheel at rest while 
the other road wheel rotates .forward at twice the 
sjieed of the forward rotation of the differential 
cage itself. 

Having explained in detail how one wheel may 
rotate backwards while the other rotates forwards, 
and how one wheel may be stationary while the 
other rotates forwards, it needs no further ex- 
planation to show that the two wheels may both 
r otate forwards or both rotate backwards, but at 
different speeds. In short, it has been explained 
that the differential gear is, in fact, a mechanism 
that enables a differential rotation of the road 
wheels to be realized in practice. Its object, as 
has been explained before, is to permit of the outer 
wheel rotating faster than the inner wheel when 
the cards turning a corner. 

Its mechanical significance is that while thus 
rotating at different speeds, both wheels continue 
to receive power from the engine. It would be 
easy to provide the necessary differential freedom 
of rotation by merely mounting one of the road 
wheels loose on the axle, but in that case the 
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entire driving strain would always come upon 
the Other tyre. 

There are two systems of mounting the road 
wheels on the back axle, one being to fasten them 
directly to the live-axle shafts, which themselves are 
supported inside the axle-casing by ball or roller 
bearings, while the other system is to support 
the wheels directly upon ball bearings carried by 
tubular extensions of the axle-casing, which are 
arranged to project into the hubs of the wheels. In 
this latter case, the live-axle shafts arc fastened 
to the wheel-hubs by some form of suitable 
coupling. 

It has already been explained that the dif- 
ferential cage is itself rotated by the main system 
of gearing that is under the direct operation of the 
propeller-shaft. In some cars this gearing is of 
the bevel spur pinion type, in others it consists 
of a worm and wheel. 

The worm-driven axle essentially performs the 
same purpose, and operates in the same way as 
the bevel-driven axle. The only difference in 
construction is that the toothed crown-wheel and 
bevel pinion are replaced by another form of 
toothed wheel that is designed to engage with a 
worm. 

The worm is merely a length of screw thread, 
such as is cut on any ordinary bolt or wood screw, 
but it is, of course, of entirely different propor- 
tions. The worm-wheel is analogous to the nut 
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Methods of supporting the road wheels on the axles of different cars. In all the cases illustrated, 
the weight is supported by a tubular extension of the axle-casing, but it is particularly interesting 
to observe the variety in the nutnher and disposition of the ball bearings. In the Wolseley and 
Crossley designs, Timken conical roller bearings arc employed instead of ball bearings. 
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on an ordinary bolt in its method of engagement 
with the worm, but its construction is also 
entirely different, for the engagement takes place 
tangentially on the surface, instead of axially 
through the centre. When the worm rotates, the 
worm-wheel turns on its own axis instead of 
advancing along the worm as would be the case 
if it were a nut on a screw thread. In some cars, 
the worm is placed above the worm-wheel, in 
others it lies beneath. The underneath position 
reduces the road clearance and increases the 
obliquity of the propeller-shaft. The overhead 
position sometimes interferes with the coachwork. 

Most manufacturers who have adopted the 
worm-drive have done so because of its inherent 
quality of silence. The worm-drive is by nature 
a more silent mechanism than the toothed bevel, 
because its method of transmitting power is abso- 
lutely continuous, and of a sliding wedge-like kind. 
The bevel depends for its continuity of action on 
the accuracy of its manufacture, since by nature 
its operation consists of a sequence of blows. To 
some extent, the worm and the bevel may be 
compared, respectively, to the propeller and 
paddle-wheel in steamship propulsion. 

Theoretically, when one tooth of a spur-wheel 
mechanism comes into engagement with its mate, 
there should result a sliding contact of infinite 
gentleness and precision. It is difficult to repro- 
duce in metal the absolute accuracy so readily 
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J hree instancy in which the propeller-shaft casing is used as a combined radius and torque rod 
are to be found in the Shedield Simplex, the Argyll and the Crossley cars illustrated above, in the 
order mentioned. In each case, the propeller-shaft casing terminates in a spherical head that 
rests m a corresponding trunnion attached to the frame. 
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manifested on the draughtsman’s drawing-hoard, 
and still less easy to maintain such a strict tooth 
contour throughout a long and active life. 

Accuracy is not less desirable in a worm-driven 
axle than in the bevel, nor is it necessarily ob- 
tained with greater ease, but as the worm-drive 
is by nature more silent, the consequences of 
deviation from the absolute are less likely .to be 
pronounced. 

Two kinds of worm are employed in automobile 
construction, one being the ordinary straight 
worm, and the other the concave worm, which in 
automobile circles is sometimes called the Lan- 



The ordinary worm. The Lanchesler worm. 


Chester worm. An ordinary worm is a length of 
thread cut on an ordinary solid cylinder of steel. 
In the Lanchester worm, the walls of the cylinder 
on which the thread is cut are concave, being 
somewliat like an hour-glass. The object of this 
latter design is to enable the worm to embrace a 
longer arc of the circumference of the worm- 
wheel, thus bringing more of the worm into action 
simultaneously. A worm as used in engineering 
often has several parallel threads, whereas an 
ordinary screw commonly has one thread only. 
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Having delivered the power of the engine to 
the road wheels, it is necessary to provide means 
whereby the thrust of the road wheels can suit- 
ably be applied to the chassis-frame. Owing to 



Diagrammatic sketches illustrating various systems of connecting the back axle to the frame. 

the joints in the propeller-shaft, it is impossible 
to use this member itself as a strut between the 
axle and the frame ; but, very frequently, the 
springs are used in this capacity. Sometimes, 
however, separate hinged radius rods, fastened 
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When die propeller-shaft is enclosed by a tubular casing, various modes of supporting the upper 
tile casing are in vogue. The upper view shows the casing riding on the propeller-shaft 
Itself. The central jihoto^raph shows it supported upon a spring buffer, and in the lower picture it 
IS similarly suspended by the use of a forked extension. The cars in question are a Talbot, a 
Humber and a Panhard, in the order mentioned. 
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to the ‘Side members of the frame and to the 
extremities of the axle-casing, are etnployed, and 
when the springs are used as radius rods it is 
obviously necessary that they should be directly 
hinged to the frame at their front ends, and not 
be mounted on shackle links. 

Another method of transmitting the thrust 
of the road wheels to the chassis, is to use the 
propeller-shaft casing as a radius rod by fitting 
its upper end with a spherical head that is sup- 
ported in a cup attached to one of the trans- 
verse members of the main frame. There are, 
in fact, a variety of combinations that can 
be used, and the more important of those that 
have found practical expression in chassis design 
are illustrated diagrammatically in some accom- 
panying sketches. 

In addition to the need for radius rods, there is, 
as has also been explained in a preceding chapter, 
the need for using a torque stay in order to resist 
the tendency of the axle-casing to rotate back- 
wards. Frequently, this torque stay forms a 
separate member mounted alongside the pro- 
peller-shaft. It is rigidly secured to the axle- 
casing, but is commonly suspended on a spring 
buffer in front. In other designs, the propeller- 
shaft casing serves the purpose of a torque stay. 
Sometimes it is independently supported at its 
dipper end on spring buffers, and sometimes it 
rests on the propeller-shaft itself. In this latter 
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case the torque comes upon the gear-box -bearing 
through the universal joint. Where' there is no 
independent torque stay of any description, the 
torque is resisted by the rear springs, which 
must be mounted on brackets that are rigidly 
secured to the axle-casing. When a separate 
torque stay is fitted, the spring bracket may ride 
on the axle-casing. 



PROPELLLK 6HAFT CASING. 
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S|3GcxM ca&« h^T^olcniiitg ssTcgI 


T}1RI':ic hXAMri.Es OF BaCK-AXLK ])1CMGN 

The upper view shows u Crossley l>evel-driven live rear axle ; the central view illustrates a N.nl 
%voriii-dnven axle, and the lower pi, olograph shows a Daimler worm-driven av !e tL . 
materials emiiloyod in the construction of the axle arc indicated on the lower phJtourauh ^The 
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BRAKES 

I T is unnecessary to say much about the 
construction of the brakes, as their action can 
so readily be examined on any car. The foot- 
brake most commonly operates upon a drum 
mounted on the gear-shaft immediately behind 
the gear-box, and, as a rule, the hand-brakes 
operate on drums bolted to the spokes of the rear 
wheels. These two rear- wheel brakes operate 
simultaneously by the application of a single 
lever, and the pull of the driver’s hand upon the 
lever is divided equally between the two brakes 
by a compensating gear, which, in earlier chassis 
design, was usually a length of steel cable, but 
in modern cars is more often provided by some 
form of pivoted rocking bar. 

The interconnection of the brakes by this means 
compensates the pressure with which they are 
applied, but it does not compensate the brakes 
in the full sense of the term as it is understood 
by those who suppose that the system affords an 
equalized braking effect on both wheels. 

If for any reason one drum offers a better grip 
for the brake-shoes than the other drum, the 
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retarding effect of that wheel will be .greater 
than the retarding effect of the other wheel, in 
spite of the compensated application of the 
brakes. In order to compensate the true brak- 
ing effect it would be necessary to compensate the 
anchorages or supports of the brake-shoes, but 
this would introduce a complication that is 
hardly worth while. 

Some while ago, considerable interest was taken 
in the use of brakes on the front wheels of the car, 
and several firms introduced models thus equipped. 
The potential advantage of the system is con- 
siderable. It improves the “ pulling-up power ” 
of the car by employing the grip of four wheels 
instead of two, and the adhesion due to the whole 
weight of the car instead of that part only which 
is supported by the back axle. Also, the appli- 
cation of front-wheel brakes does not tend to 
promote skidding under conditions that would 
be prone to do so were the rear-wheel brakes 
applied. 

This connection between front-wheel brakes 
and non-skidding qualities is concerned with the 
natural tendency of any moving object to, follow 
the path of least resistance. In a free-rolling 
wheel, the direction of rolling is ordinarily the 
line of least resistance, whereas if the wheel has 
lost its adhesion on the ground it will slide in the 
direction in which it is momentarily propelled 
by the momentum of the mass of the car. 
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Tin*: C'OMl'ONKNr 1’\K1^ ok I'WO DKsICNs of Bakk-wuc Drivk 

Uie upper photograph lUnstrates a worm gear from a Napier car ; the other photographs were 
taken at the VauMiall woiks, and the central one show*^ a typical bevel-drive. The lower photo- 
graph illustrates the interior of the diilereniial geai. The differential gear illustrated is of the 
par.illel pinion type. 1 he dif^rential pinions, which are suppoited on pins fixed to the diffeiential 
cage, mesh with each other. One of them also meshes with the central spui-wheel on one half of the 
iije axle-shaft. 1 he other difierential pinion of the pair engages with the ojiposite central spur- 

wheel on the other half of the live-axle shaft. tr i, II y 
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If the rear wheels of a car lose their adhesion, 
and the car is at the same moment steered a 
little to one side, the back of the car tends to con- 
tinue in its original direction, which causes the 
vehicle to skid sideways, or even to turn com- 
pletely round in the road. If, however, it is the 
front wheels that lose their adhesion when the 
brakes are applied, they continue in their .original 
direction, and the rear wheels roll after them 
without tending to move sideways. Thus the 
car as a whole slides bodily forward, but it does 
not slide sideways or tend to turn round in the 
way that a sideslip is ordinarily understood. There 
are, of course, conditions in which a front-wheel 
skid is every bit as bad as, if not worse than, a back- 
wheel skid ; and it is, in fact, very largely because 
front-wheel brakes tend, in the limit, to lock the 
front wheels and so to make the car unsteerable, 
that they have never been received with universal 
favour. 

Moreover, it was found by experience that it was 
exceedingly difficult to equalize the braking effect 
of the two front wheels, and, in consequence, there 
was, in many instances, a strong tendency for the 
application of the front-wheel brakes to react upon 
the steering in a manner that, if not exactly 
dangerous to an experienced driver, was, at any 
rate, sufficiently inconvenient to be undesirable. 

Radius rods also have to be fitted to the front 
axles of cars that have front-wheel brakes, and 
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there is a tendency for this. to make the riding of 
the front part of the car seem hard on a bad road. 
Difficulty -is also experienced in so devising an 
operating mechanism that it shall not transmit 
a jerky movement from the brakes to the pedal. 
It will bf* understood, of course, that the brakes 
themselves, as well as the operating mechanism, 
have to be arranged so as not to interfere in any 
way with the free steering movement of the wheels, 
and it is ako a matter of some difficulty to retain 
the full amount of the steering lock. 

ft ft • 

. Among the firms that studied the problem, the 
most persevering was Messrs. Argyll, who ulti- 
mately evolved a system of diagonal compensa- 
tion whereby the^ front-wheel brake on one side 
and a rear-wheel bnakiT on the other side of the 
car were interconnected. This arrangement was 
found to dveroome many difficulties, particularly 
if care is taken to adjust the rear-wheel brakes so 
that they make contact a shidc before the front- 
•wheel brakes. At the time of writing, the Argyll 
car. is practically the only well-known make on 
which front-wheel brakes of any description are 
retained. As is usual with brakes acting directly 
on the road wheels, some -force is required to pro- 
duce the initial grip, but the advantage of all four 
vdieels acting simultaneously is subsequently very 
marked. . 
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Typicai. Foot-urakks 

"J'he upper pbotojjiapli sliou^; an enclosed expanding foot-brake on a De Dion car the lower vie 
llustrates an external^ conliacting^ foot-brake on a Wolseley car. In the first case, the sho^ 
x'pand outwaidly against the interior surface of the drum, and in the latte? case they embrace tl 
uter run of the drum. ^ In the centre is a photograph showing details of the expanding foot-bral 
n the Vauxhall car. The hinge that supports the shoes and the cam that forces them aoart an 
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STEERING 

T here is no other part of the trans- 
mission mechanism of the chassis that 
calls for much detailed description, for the 
action of such other members as find a place on 
the modern car is to all intents and purposes self- 
evident. The existence and purpose of the radius 
rods and torque stay are discussed in a former 
chapter, and so far as the transmission is con- 
cerned, they complete the system. 

There is, however, perhaps one part of the 
general construction of the car about which some- 
thing further may with advantage be said, and 
that is the steering mechanism. 

All cars, with perhaps one or two exceptions 
in the very early days, have used the same system 
of steering, which is commonly known as the 
Ackermann steering, but was, in fact, the in- 
vention of Herr Lankensperger, of Munich, in 1819, 
Ackermann having merely acted as patent agent 
in this country. 

At the time of its first introduction, it met with 
a very unfavourable reception at the hands of the 
coachbuilders ; indeed, it had no particular 

advantages in connection with the horse-drawn 
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vehicle, for which it was, of course; at that time 
introduced. In the cas6 of the motor-car, however, 
there has scarcely been a single invention of 
gieater utility and merit, and it is certainly a pity 
that neither Lankensperger nor Ackermann can 
have derived more than a ghostly interest in the 
success 'of the system that th6y introduced so 
much before its time. 

No vehicle could possibly be driven at the 
speed that is now safely attained by every modern 
car but for the Ackermann steering, for to have 
attempted to do so with the turntable system that 
is in vogue on horse-drawn vthicles would speedily 
bring disaster to the average driver. 

In the turntable system of steering, the wheels 
are mounted on a solid axle, which is itself so 
erected “that it pivots about its centre, on a turn- 
tabje. In the Ackermann system of steering, each 
wheel i^ mounted on a short stub-axle that is 
independently pivoted to the extremity of the 
main axle ; the main axle itself, in the Ackermann 
system of steering, does not move. 

One immediate result of this arrangement is 
to very much reduce the amount of movement 
that is required in steering, and there is a conse- 
quent increase in the steadiness of the steering 
control. Another incidental result is that much 
larger wheels can, be used, and this itself reacts 
in favour of stesfdiness, which is the keynote of the 
Ackermann system. 
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There are one or two technical points in connec- 
tion with Ackermann steering to which, it may 
not be without interest to draw attention, as 
there is such a very good reason why the privatQ 
owner should feel concern about the steering of 
his car^ Any inaccuracy in the design -of the 
steering connections immediately, makes itself 
felt oh the life of the tyres, and this in turn at 
once affects the owner’s pocket. 

When a car follows a curved path, its front 
wheels should both be at right angles to radii of 
concentric circles, and the centre of those circles 
should be situated on an eitension of the axis of 
the back axle. It will be observed (Fig. 2) that 
the front wheels are no longer parallel to one 
ahother when the car. is following a curved path 
of this ’description ; if -they weije parallel to one 
another they wpuld not be tangential. to concentric 
circles, nnd they would not be conforming to the 
true principles of steering. This disposition of the 
front wheels, whereby th/sy are caused to turn 
.unequal amounts so as to keep them always 
tangential to concentric circles, is* obtained by 
making the steering connecting-rod, A^ longer 
than the distance between the steering-pivots, B 
(Fig.^i), and it is one’ of the principal problems 
requiring solution to know how much longer the 
steering connecting-rod should be made in order 
to produce the desired result. If it is too long or 
too short the wheels will be tangential to circles 
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that are Struck from different centres, so that one 
side of the car will try to follow a different path 
from the other, with the result that the mean course 
pursued by both wheels will cause a frictional 
rubbing of the tyres over the ground. 



I- Fig. 2 . Au(o" CoJ*yrighi Drawings. 

Diagrams illustrating the piinciple of the Ackennann steering. Fig. i shows the car proceeding 
.straight ahead. It will be observed that the tie-rod A is longer than the axle B between the steer- 
ing pivots. 1 he effect of this difference in length is to cause the front wheels to turn differently in 
amount when they aie steered, but each remains approximately tangential to circles described from 
a common centre. Ihe wheels thus perform a true rolling motion when following a curved path. 
If they were tangential to diflerent cenire.s, one wheel would have to slip sideways a little while 
rolling, which would speedily wear out the tread of the tyre It is also important that the centre of 
the turning circle should lie on a projection of the axis of the back axle, otherwise the rear wheels 
win it^nd to skid. If the tie-rod A is placed behind the axle B, it must be made shorter in length in 
ordci to give the same effect. 

The importance of this matter from the owner’s 
point of view can only properly be appreciated 
when it^is borne in mind how continually the car 
is being steered a little to one side or the other 
even on a straight road. If the steering arrange- 
ments are not true there is a slight amount of 
unnecessary friction every time that the steering- 
wheel is moved, and so much the more rubber is 
abraded from the tread of the tyre. 


CHAPTER VIII 

. SUSPENSION 

T here 'is • no more important matter to 
the motorist than the suspension of his 
car, and its significance increases in 
. proportion to the increase that has taken place 
in the reliability of automobile machinery. It 
is a subject, nevertheless, that has received singu- 
larly little attention considering the place that it 
ought to occupy in -the literature of motoring 
technology. Those otxtside thfe automobile in- 
dustry might «reasonably be pardoned for sup- 
posing the technical details of the suspension of a 
vehicle to be the sole concern of the engineer 
.responsible for the machfine’s construction, but 
'the enormous business done by the private 
motorist with the ^ accessory dealer in auxiliary 
springs and shock-damping devices will suffice 
to satisfy any thoughtful person that the study 
of the problem of car suspension is by no means 
limited ^o automobile designers as a class, .and, 
when such an^immense number of motorists as 
do undoubtedly buy auxiliary suspension devices 

are anxious to tamper with the original springing 
- 1 26 ' 
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of their Vehicles, it surely stands to resison that 
there is still room for some improvement. 

The suspension of cars is good, bad, and in- 
different, and the trouble is that no one seems to 
quite know what constitutes the essential differ- 
ence between the three classes. The question is. 
What is “ right ” ? and that is just where experts 
are either silent or in discord. 

In a paper read before the Institution of 
Automobile Engineers by Mr. G. H. Baillie in 
1913, the author adopted change of acceleration 
as the criterion of discomfort, and this is worthy 
of special attention as a matter of general informa- 
tion for the reason that the human frame is only 
sensitive to changes of acceleration, and neither 
to acceleration nor to velocity as such. This is, 
for example, a matter of some importance in 
connection with the control of aeroplanes at great 
altitudes, where the pilot is alone in space. If a 
change in his attitude happens to pass imnoticed 
it may quite conceivably remain uncorrected, 
and he thereby rendered oblivious to a dangerous 
position. 

In discussing the paper, Mr. H. E. Wimperis — 
who is a recognized expert on phenomena relating 
to acceleration, and whose accelerometer is a partic- 
ularly interesting instrument for car testing and the 
like argued that it was not the change of accelera- 
tion in the absolute, but the rate of the change of 
the acceleration that determined whether the dis- 



128 MOTORING 

turbance would be a source of discomfoA to the 
passenger. He instanced, as an example not 
directly bearing on motoring, the interesting fact 
t^at railway engineers, when laying out the curves 
of tracks, endeavbur not to exceed a rate of change 
of acct^eration of i foot-per-second-per-Second- 
per-second. The rate at which the , acceleration 
changes in the starting and stopping of the electric 
trains on the “ Tube ” may reach values as high 
as 50 feet-per-second-per-second-per-second, and 
a value of this order is undoubtedly uncomfort- 
able. 

These considerations are' of great general in- 
terest, and need to be borne in mind by those who 
study the problem of springing; the difficulty is 
to know how to express them quantitatively as a 
problem that shall lend itself to» definite solution. 
Oi^inarily, the, periodicity of a suspension system 
is regaitied as a coqcise inclusive sumjnary of its 
salient features. The natural period of a resilient 
.system is determined by the extent of its normal 
^deflection under the load. For example, a spring 
that is compressed 4 inches when the passengers 
are in the car will vibrate naturally at a. rate of 
g6 alternations per. minute. If it is deflected by a 
temporary pressure that is suddenly released, the 
spring will extend to its original condition in o-i6 
second. ^ * 

If the wheel rolls over an obstacle at such a slow 
rate that it requires the above in^ertal of time, or 



OOKNa- 




I I 

BS/3 




“ Auto ’’ Copyrij^h t Skctchi>> 

ctclies illustrating various systems of suspension, with particular reference to the methods em 
ployed for supporting the frame above the back axle. 
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longer, to rise to the top of the obstacle, it is 
evident that the spring will transmit the motion 
to the body of the car as if it were a solid link. 

' Alternately, if the rate at which the wheel sur- 
mounts the obstacle is less than the natural rhte 
of extension on the part of the spring, it i^ evident 
that the spring will be unable to. transmit the 
whole* motion as a link, bnt it will in fact absorb 
some of it by compression. For example, a 30-inch 
solid-tyred wheel on a car travelling at 30 miles an 
hour will rise to the top of a 3-inch brick in o-oi8 
second. 

I have sometimes* suggested that the ratio 
between these intervals of time, which in this case 
has a numerical value of 8 -g, might be of some 
Service as a basig .of comparison, because it 
brings' into consideration the wheel diameter 
and the speecj^ both of which are jvell known to 
be of iirst-class importance as factqrs affecting 
comfort. 

Anyone who has had any considerable experience 
of motoring knows very well that the driver is a 
most potent factor* in the suspension system. 
A road that is bad he can never make good, but 
that does not in the least prevent him from making 
it uUerly horrible; it Is everything when driving 
a car to suit th*e speed to the road. On a joad 
t.ha{; is reaffy almost too bad to be used at all a 
sharp zigzag course will reduce 1;he discomfort 
and also the danger of damage to ^ marked degree. 
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AnotHer factor of much importance in this 
subject, is the influence of friction in leaf springs. 
The leaves of a plate spring rub over one another 
whenever the spring is deflected, and as the 
springs of most motor-cars are generally allowed 
to get rusty, the friction in the system may reach 
a considerable value. 

It is apparent that this friction is not resilient, 
and whatever merit it may possess in respect 
to its ability to damp out oscillation, there can be 
no question that it tends to transmit a greater 
proportion of the initial shock. In short, it 
constitutes a solid link in the system, albeit one 
that does not wholly place the main springs out of 
action. 

It is interesting and important to observe in 
this connection, however, that the influence of 
this frictional link does not always bear the same 
relative value, for the reason that obstacles of 
different heights do not produce the same rate of 
vertical acceleration on the wheel. 

Thus, for example, if the 3-inch brick of our 
preceding hypothetical case subtends an angle of 
36° between the point of its contact with the tyre 
and the point of the tyre's contact with the road, 
it will be found that halving the height of the 
obstacle will not be accompanied by a similar 
reduction in the subtended angle. The angle 
subtended by a i|-inch brick will, in fact, be 
considerably more than half the angle subtended 
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by a 3-inch brick- »that is to say, the' smaller 
obstacle will strike a disproportionately lighter 
blow. 

* This is, of* course, all in favour of the smaller 
obstacle from the standpoint of potential improve- 

• ment in road construction, but at the same time 
it must be remembered that the friction of a 
spring; which, being a resistance, itself has the 
dimensions of a force, now bears a higher relative 
value than before, and the relative influence of 
its ability to transmit the axle movement as a 
solid link is likely to be more pronounced. 

Putting this into other language, I may say that 
a car that would be considered well sprung for fast 
touring, even on indifferent roads, might be quite 
likely to feel relatively uncomfortable at slow 
speeds’ on apparently good roads. If this is true 
— «,nd my exp,erience of cars leads jne to believe 
that there is something in the idea — tjien what is 
most required is a frictionless auxiliary suspension 
specifically designed for absorbing small obstacles. 

, It i? in this light that I have always regarded the 
supplementary helical springs with which it has 
been customary of ’late to fit motor-cars. . 

I do not by any means suggest that this is a 
proper solution to springing in general, or that all 
cars can be improved by auxiliary springs or gven 
that all auxiliary springs now on the market are 
designed to offer the advantages tliat I have out- 
lined. I do suggest, however, tha^sdme cars may 
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reasonably be expected to beitnproved for certain 
purposes by such fittings, and that the nature of 
the improvement relates to the explanation that I 
have just given. 

The design and construction of springs are re- 
lated to a special department of the subject 
of suspension that should properly be treated 
separately, but I purpose passing over this 
phase of the subject with a mere reference to the 
illustrations and to matters of such importance 
as the number of leaves, the camber, the temper- 
ing of springs, and the necessity for adequate 
weight of metal to prevent fatigue and fracture. 

A matter that bears upon the suspension 
problem generally, inasmuch as it constitutes an 
additional argument emphasizing its importance, 
is tyre wear. The wheel is jerked off the road bj?^ 
an obstacle, and, whilst in the air, is able to in- 
crease its rotation under the driving power of the 
engine acting through the differential. When it 
comes into contact with the road again, this extra 
spin has to be retarded, which is, of course, all at 
the expense of the tread of the tyre. 

One .of the factors that determine the height 
to which the wheel rises clear of the obstacle, and, 
therefore, the time that is available for its speeding 
up in space, is the weight of the axle plus that por- 
tion of the spring carried upon the axle. If the 
unsprung weight is heavy, the rise of the wheel 
IS likely to be excessive, and considerable tyre 
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wear may take pla'tie in consequence. Lightness 
of axle weight, without sacrifice of strength, is, 
therefore, a desirable feature, and one notable 
toeans of decreasing the unsprung weight is to 
employ the LaUchester system of suspension. * 

In so far as the natural periodicity' of the 
system is regarded as a broad criterion of com- 
fort, and in so far as this is determined by the 
normal deflection . under the load, it is apparent 
that structural considerations such as the height 
of the frame above the axle and the clearance 
of the body above the wheel introduce limiting 
factors into the consideratio'n. Speaking generally, 
the more flexible the spring the more comfortable 
the suspension, and it may be assumed that any 
system with a natui;al, period exceeding loo vibra- 
tions pfer minute is likely to feel •harsh. 

In respect t^ the merits of flexibility, however, 
I should like to qualify my remarks Ijy referring 
back to the importance of considering the con- 
ditions under which the ear is driven — ^to point 
^out,, for instance, that the equivalent spring for 
a racing car. driven at high speed on Brooklands 
track is by no means identical with that employed 
for ordinary touring conditions. 

Furthermore, my own experience has been such 
that I do not altogether favour a too flexible spring 
above the front ^axle. I prefer to feel the character 
of the road over which I am driving, and, in general, 
I incline to the idea that it is safer^to provide this 
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warning* for the average chaj^eur. If the front 
suspension is so exceedingly flexible as to smooth 
out a really bad road, it is not altogether unlikely 
that an unthinking driver may injure his springs 
before realizing the serious strains to which he is 
subjecting them. 

So far as the rear springs are concerned, they 
cannot be too comfortable, but this is not, to say 
that, as at present arranged, they cannot be too 
flexible. It must be remembered that a spring 
takes no cognizance of the source of its deflection, 
and if the force deflecting it comes from above, 
as in the case when a car is turning a corner at a 
high rate of speed, it will be equally ready to 
compress. In doing so it will give rise to that 
rolling motion to which most passengers very 
strongly object. 

When this takes place with the front springs, it 
is not only uncomfortable, but may even be 
dangerous, for it makes accurate steering of the 
car a matter requiring unusual skill. 

There is, it will be seen, a commercial considera- 
tion restricting the development of very flexible 
suspension systems for cars, for their influence on 
motorists who take their machines far afield and 
spend a great deal of their time driving fast, is 
by no means certain to be altogether favourable. 
It is, in fact, a compromise that best serves the 
purpose of the majority, but there is, as I re- 
marked in the first instance, some evidence that 
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the 'compromise s' ^present ruling is not up to 
the standard of general requirements. 

In this matter, a subsidiary solution of utility 
■-•^ill be found in the improvement of the up- 
holstery. The deep-seated cushion with long in- 
terior springs is a most comfortable fitting, and 
although it is not cheap, it is thoroughly well 
worth jthe money.- It is necessary for the manu- 
facturer of the car as well as the builder of the 
coachwork to make provision for these deep- 
cushion seats : but I believe that if the auto- 
mobile trade brought their virtues more to the 
notice of customers than is done at present, it 
would remove a great deal of the present dis- 
satisfaction with the existing springing. Many a 
car that is well enough sprung for all-round pur- 
poses might readily be adapted to meet the 
requirements of the fastidious by the addition 
of this refinement, and the alteration would have 
the advantage of leaving the chassis design un- 
changed. 

In this chapter I have found space to touch only 
upoii one or two factors relating to a very wide 
and very intricate subject, and I have not even 
mentioned the important influence that the attach- 
ment of the springs to the frame has on the general 
riding’' of the car.* This book, however, is not in- 
tended to 'be a teciinical treatise, and it is neces- 
sary to omit mifch that is of genuine interest in 
the detail of chassis design. 
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THE PETROL ENGINE 

T he petrol engine is a specialized form of 
gas engine, and belongs to the great class 
of internal combustion engines, which 
differ from steam engines in that the fuel itself 
is consumed inside the engine instead of in the 
furnace of a boiler. In a steam engine, the steam 
is a fluid medium enabling the heat of the fire 
to be converted into work. In the petrol engine, 
the heat, which is the source of all the work, is 
derived from the explosion of a mixture of petrol 
vapour and air. The explosion takes place inside 
the cylinder of the engine, and the force of the 
explosion is directly communicated to the piston, 
which is one of the principal mechanical members 
of all reciprocating engines. 

The principal parts of the petrol engine are the 
cylinders, of which there may be any number 
grouped together to form one engine ; the pis- 
tons, of which there is one in each cylinder ; the 
crank-shaft, which is the member employed to 
convert the reciprocating motion of the pistons 
into» the rotary motion that is so much more 

useful for all practical purposes ; the connecting- 
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rods, which forn^^Jhihs between the pistons and 
the crank-shaft ; and the valves, which serve to 
regulate the admission and exhaust of the ex- 
' plosive mixture to and from the cylinders. 

There are also a number of essential but, so*far 
as first principles are concerned, suppk^mentary 
l)arts, such as the cam-shaft, which operates 
the Y<ilves ; the magneto, which generates the 
electric spark that ignites the explosive mixture ; 
the 'carburettor, which is. a device that atomizes 
the fluid petrol and mixes it with air, so as to 
form an explosive gas ; the circulating-pump, 
which maintains a flow' of water through jackets 
surrounding the cylinders, in order to prevent 
them from overheating through the high tempera- 
tiure of the explosion ; and the oil-pump, which 
maintains a film of oil between the crank-shaft 
aryi the bearings that support it, and in a similar 
w'ay assists in reducing friction by the^lubrication 
of other moving parts. 

Some of these suppleipentary parts are not 
'always present in the form described, being occa- 
*sionally substituted *by corresponding members 
performing a similar function in a different way, 
and sometimes even being absent altogether as, 
for instance, in the case of air-cooled engines, 
whicR have no water-jackets, and thermo-syphon 
circulaticm systems, which have no pump. In 
these latter, the* water circulates as the result of the 
natural tendency of hot water to rise to the highest 







THE PETRO^. 'eNPINE 189 

point in the system, i^en, toc|i an oil-pump is 
not used, oil being carried in the Ixise- chamber of 
the engine at such a level that it is splashed over 
everything inside the engine by the rotation of the 
crank-shaft. 

Petrol engines operate upon either one of two 
systems, or " cycles,” which are known as the 
4-stroke cycle and the 2-stroke cycle. . The 
majority of petrol engines, however, operate upon 
the 4-stroke or Otto cycle — which was devised 
by Beau de Rochas in 1862. 

The essential difference in principle between the 
4-stroke engine and the 2-stroke engine is that 
in the cylinder of a 4-stroke engine an explosion 
takes place once every four strokes of the piston (a 
stroke is a movement of the piston up or down), 
corresponding to two revolutions of the crank- 
shaft, whereas in the cylinder of a 2-stroke engine 
an explosion takes place once every two strokes 
of the piston, corresponding to every revolution 
of the crank-shaft. 

Inasmuch as the explosion is the sole source of 
power, it would seem that the 2-stroke engine is 
apparently capable of affording twice the power 
from given dimensions and given weight ; also 
that, in principle, the regularity of the turning 
moment on the crank-shaft will be superior to 
that obtaining in a 4-stroke engine, because of the 
relatively greater frequency of the explosions in 
a given time. This is, of course, assuming that 
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both engines ci|)etate \+ the same fevolutions 
and have the same number of cylinders. 

In practice, however, the line of least resistance 
to progress -has hitherto been found to lie in the 
direction of 'the 4-stroke motor, which has, 
therefore, been developed very much n\ore than 
the other type. The irregularity of its turning 
monjent has been compensated by increasing 
the number of cylinders, until engines in modern 
use 'now seldom have less than four cylinders. 
Those employed on motor-cars often have six cylin- 
ders, and those used on aeroplanes frequently 
possess eight cylinders or* more. 

Motor-car practice has been to place the 
cylinders vertically and in line with one another. 
'The aeroplane engine, however, often has its 
cylinders arranged at an angle to one another, 
such engines ^being said to.belong jto the V type. 
The special . requirements of aviation, which 
necessitates extreme lightness of construction in 
proportion to the poweu developed, have also 
resulted in the evolution of other special types 
of petrol eiigine, of tvhich the rotary motor is the 
most notable. In a rotary petrol engine, the 
principal members are unchanged ; but the cylin- 
ders are placed radially like the points of a star 
around the chamber enclosing the crank-shaft, 
whfch Chamber, together with the cylinders, 
rot'ates bodily about the fixed crank-shaft. 

The actions and reactions in ^ rotary engine 



“ Auto" Copyright Drawing. 

T)iagiammatic drawing illustrating the elem«snts of a petrol engine. The piston, connecting-rod 
and crank-shaft are shown in perspective in a cylinder that is shown in section. Below, is a series 
uf diagrams illustrating the four strokes of the Otto cycle. During the suction stroke, the descend- 
ing piston acts as^he plunger of an air-pump to draw air from the atmosphere past the throttle 
valve and the inlet valve into the cylinder. Flowing through the contracted choke-tube surround- 
ing the jet of the carburettor, the air causes petrol to spray therefrom, and thus becomes carburetted 
with its vapour. The mixture thus formed is explosive when compressed by the return stroke of the 
piston. As the piston reaches the top of its compression stroke, a spark occurs at the ignition-plug, 
thus starting combustion in the gaseous mixture. Combustion is propagated through the gas so 
iluickly as to cause explosion^ and the consequent rise in temperature results in expansion of the 
burning gas, and also of the inert nitrogen of the air, which does not enter into the combustion, 
i he piston is thus driven to the bottom of the cylinder, and performs the one working stroke of 
the cycle. During the return stroke, the burnt ga‘es are expelled through the exhaust valve into 
the silencer. The valves are generally mechanically opened by cams mounted on a shaft that is 
gear-driven fisom the crank-shaft. The closing of the valve is effected by a spring. 
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are fundamentally similat^+o those in a stationary 
engine ; that is to say, the explosion pressure on 
the piston operating upon the crank through the 
oblique lin6 of the connecting-rod sets up' a 
couple causing either the crank-shaft or the 
cylin<|ers to revolve as the case may be. The 
majority of engines are of the stationary type, by 
which is implied that the crank-shaft revolves and 
the cylinders with their base-chamber are fixed. 

The four strokes of the four-stroke or Otto cycle 
of operations followed by the majority of petrol 
engines, correspond to four definite periods that 
occur in an invariable se’quence. The starting- 
point assumes the piston to be situated at the 
upper end of its stroke, that is to say, adjacent 
to the closed head of .the cylinder. External force 
is emfiloyed to draw the piston*down the cylinder 
to the lower^end of its stroke, \viiich external 
force is initially provided by the muscular effort 
of cranking the engine by hand when starting up, 
but is afterwards provided by the momentum of 
the fly-wheel or other equivalent revolving mass, 
such as the. propelled in the case of an engine on 
an aeroplane, where fly-wheels of any appreciable 
size are seldom fitted. 

This down stroke *or period in the cycle of 
operations is known as the suction stroke, because 
during fhis time the engine acts in the capacity 
of a pump for the purpose of drawing into its 
cylinder, by the suction effect of pie piston acting 
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1 the carhuioUor flows thtoirjih the mdaciioii pipe, which is branched so as to ooinmuniu ati 
■aUi^ chaiiihtTs. In a fo\ii -cylinder engine the inlet valves are adjacent in pairs and eacl 
uni('ates with a i oiamon chainhei. '1 he exhaust \a!\f diambcrs are separate, but they al 
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An EN^Ml’LE OK rilE Al’l'I.K'A'I'lON OK COM I’RES'iED AIR FOR THE I’URl’O^E OF 
AU I'OMATIC MdA' s TYRTINC THE ITNCINE 

'The apparatus is seen above in place on one of the cars built by the Wobseley Co. A group or 
pipes lead from a distributing valve to independent atmospheric valves carried by the inspection 
caps over the exhaust-valve chambers. 'J'be distributor is mechanically driven from the cam-shaft, 
and admits compressed air from a reservoir in proper sequence to the cylinders. 'I’he air is 
admitted during what otherwise' would be the firing stroke. The reservoir is charged by a small 
comiiressor, also diiven by the engine. 
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as a pump-plunger, a d«irge of explosive mixture. 
In the earlier types <)f engine, the charge was 
admitted through a simple spring-loaded valve 
that also opened as the result of the suction ; 
modern engines, however, have mechanically 
operated inlet valves, and the supplementary 
mechanism that controls them is adjusted to time 
the opening so as to give the best results.. In 
practice, the inlet valve is, as a matter of fact, 
opened a little before the piston starts to descend, 
that is to say, it is opened during the last phase 
of the preceding stroke, which will presently be 
described. 

When the piston has reached the end of the 
suction stroke and the crank-shaft has, therefore, 
made half a revolution, the inlet valve is closed, 
thereby sealing the charge in the cylinder. In 
some cases the inlet valve is with advantage closed 
later than at this point. 

The contents of the cylinder at this moment 
comprise a gaseous mixture of air and petrol 
vapour, the vapour having been formed by a 
jet of petrol set in action by the carburettor. 
The air entering the cylinder has to pass through 
the spray of the jet and in this manner it carried 
away the atomized petrol. 

The spray of the jet is itself maintained by the 
suction effect of the air rushing along the induction 
pipe dn its way to the cylinder. The state of the 
mixture inside the cylinder at the end of the 
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suction stroke is such thaLHs pressure'is more or 
less the same as that of\he atmosphere, and if 
ignited it would burn but would not explode. 
Extreme rapidity of burning is the fundamental 
difference between explosion and mere co*m- 
bustion. 

As soon as the crank-shaft has made its half- 
revolution, the continuation of the rotation of the 
cran.k causes the -piston to rcascend to its original 
position adjacent to the cylinder-head. This 
stroke is called the compression stroke, because 
during this period the .charge of mixture im- 
prisoned in the cylinder is compressed from its 
original volume, which more or less filled the 
cylinder, into a volume that is perhaps about a 
quarter as great, err even less. 

It now occupies the‘ clearance space between the 
jnston and the cylinder-head andithe additional 
space 'provided by. the small chambers containing 
the valves. Thus compressed to a pressure of, 
say, 70 lbs. per square inth, as compared with the 
pressure of the atmosphere, which is about 
15 lbs. per* square^ inch (these figures are only by 
way of example), the charge has been rendered 
highly explosive,. that is to say, if ignited it will 
bum unusually rapidly and give rise to the high 
pressure that is always associated with the 
pf^enomenon pi explosion. 

The sudden increase in pressure is due to the 
very rapid heating of the impryDohed gas by the 
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The upper illustrates an unusual method of driving the cam-shaft. On the Spyker engine, the 
cain-shafis are placed transversely between the cylinders and aie driven by skew gearing. 
Ordinarily the cam-shaft lies parallel to the crank-shaft and is driven eithei by ordinary spur 
geaiing or by a silent chain. An example of the latter is shown in one of the central illustration-.. 
Oenerally, the magneto spindle is driven in the .same way as the cam-shaft, but occasionally it is 
placed transversely and is driven by skew gearing. An ingenious design in which the magneto- 
shaft was place i obliquely so that an extension of the driving shaft could opeiatc tlie oil pump, is 
illustrated in the photograph of the Sheflfield Simplex engine on the left. In this rase the cam- 
shaft was also driven by the same skew gearing in older to obtain its advantages in respect to 
silence. 
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combustion of the itself, which conibustion 
in the case of petrol ^artxture is accompanied by 
the generation of a great quantity of heat. Heat 
ib the universal source of power, and it is because 
a very small quantity of petrol contains such a 
very large quantity of latent heat that it is such 
a serviceable fuel in these small engines. 

The heat liberated by the combustion of^ the 
gas is so great that mucli of it passes into the 
metal of the engine, which has to be artificially 
cooled, generally by the circulation of water 
through jackets surrounding the cylinders, in 
order to prevent dangerous overheating such as 
might distort the metal or otherwise interfere 
with the proper operation of the different parts. 
The heat thus absorbed by the cooling water 
and the metal is absolutely wasted. 

The real useful work done by the heat of ex- 
plosion is that resulting in the expansion of the 
gas and the driving down of the piston to the 
bottom of the stroke. This movement turns the 
crank-shaft through a half-revolution against the 
resistance of the work that it has to do, and also 
imparts ^to the fly-wheel a quantity of motion 
(momentum) sufficient to enable the energy 
therein stored up to carry on the appointed work 
of the engine during the next three idle strokes 
of the piston. 

The stroke of the piston just described is called 

the firing stroke or the working stroke ; it is the 
10 
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only period in the cycle jjuring which energy is 
actually generated in thh» engine. The interval 
between two working strokes, that is to say, the 
major period comprising one and a half revolutions, 
is given up to' the discharge of the burned gases 
and tp the preparation of a new charge.' During 
this major period the work is carried on by the 
energy stored in the fly-wheel. 

If the engine has more than one cylinder, and it 
has been explained that most modern engines 
have not less than four, the cranks on the crank- 
shaft are set at an angle to one another, so that 
the working strokes' in each cylinder follow in 
regular sequence and thereby maintain greater 
uniformity of impulse. This minimizes the neces- 
^sity for a heavy fly-.wheel. 

In a 4-cylinder engine, the four working strokes 
dccupy a period corresponding to tjie entire period 
of thd cycle of operations for one cyljnder. Thus, 
every idle stroke of the piston in every cylinder 
is compensated for by a working stroke of one 
piston in some other cylinder. 

At first sight, this would appear to obviate the 

necessity for a fly-wheel altogether, but owing 

to the fact that the pistons have no crank leverage 

at^he end of the stroke, the connecting-rod and 
<1 

the crank being in a straight line at these points, a 
* fly-wheel is n^c^ssary in order to carry the pistons 
oven their “ dead centres,” as these positions are 
called. In 6-cylinder engines, ^nd other engines 
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in which there axe more, than font impulses 
during a cycle, the torque oij the crank-shaft never 
becomes zero, and the fly-wheels employed may 
* be of very small size. 

After the firing stroke is ’finished, the gas, winch 
may or may not have ceased to burn, has to be 
expelled from the cylinder in order to make room 
for another charge. The return stroke of the 
piston is, in the 4-stroke cycle, therefore devoted 
exclusively to scavenging. Another valve, com- 
monly adjacent to the inlet valve, is mechanically 
opened, and the ascending piston drives out the 
■products of combustion 'into the exhaust-pipe. 
This latter commonly communicates with a box 
containing a number of baffle-plates that silence 
the noise otherwise caused by the sudden libera- 
tion ot the hot gas into the atmosphere. This up- 
stroke of the^piston is called the qxhaust stroke, 
and iff is inunediately followed by ^ the suction 
stroke with which the 4-strokc cycle commences, 
as already described. , 

Such is, in brief, an outline of the principles 
of the 4-s.troke cVcle of operations on which 
most petrol engines work ; it remains to refer, 
also briefly, to the functions performed by some of 
the ^supplementary mbehanism. 

The valves of most petrol engines are of the 
piushroom ty^o. This, as the name implies, 
consists of a stem surmounted by a disc-head, 
the whole piece being generally machined from 
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solid steel* The sten>is carried in a guide and the 
head normally closes, an orifice as a plug might 
be used to seal a pipe. The orifice in question is 
sometimes situated directly in the top of the 
cylinder, and sometimes in a small chamber 
jutting out from the side of the cylinder-head. 
In any case, it serves as a communication between 
the interior of the cylinder and the inlet-pipe or 
exhaust-pipe as the case may be. 

The inlet and exhaust valves are commonly 
interchangeable. The valve-stems move up and 
down in their guides through the agency of 
tappet rods, which are steel rods interposed 
between the valve-stem and the cam-shaft. 

The cam-shaft is a shaft lying parallel with the 
crank-shaft, and it is gear-driven by the crank- 
shaft at half its speed. In many cases a chain 
replaces the direct intermeshing of the gears, in 
order to give more silent operation. The cams 
arc shaped projections protruding from the surface 
of the shaft at intervals, and they are usually 
machined from the solid steel. Their purpose is to 
raise the valves off their seats, through the 
mechanism described, at predetermined instants 
throughout the cycle. Usually, the tappet rods 
have rollers fitted to their lower ends in order that 
the cams may push them upwards with less friction. 

A cam, such as is used for this purpose, is 
capable of operating only in one direction, that 
is to say, it is only capable of lifting the valve off 
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its seat ; the valve is replaced on its seat by the 
action of a spring, one end of which is coupled up 
to the valve-stem, while the other end abuts against 
lha cylinder-casting. 

In order to obtain the explosion that commences 
the WQfking stroke, it is necessary to ignite the 
gas artificially. On all modern engines, electricity 
is employed for this purpose. In some cases, a 
battery of accumulators supplies the current, 
but more often magnetos are employed for this 
purpose. The magneto is a specialized electrical 
machine, identical in its action with the medical 
shocking-coil ; it is sifiiilar in principle, although 
on an infinitely smaller scale, to the dynamos and 
alternators that supply electric light and power 
commercially. The - electric impulses of the 
magneto are distributed to the *ignition-plugs, of 
which there is«one in each cylinder, <in the proper 
sequende to correspond with the firmg strokes,' 
and when the impulse is delivered to the plug a 
.small but very hot electric spark jumps between 
*the points of the plug, which project within the 
cylinder. 

This spark ignites the gas and gives rise to the 
explosion. The plug itself comprises a steel wire 
emb^ded in a piece of porcelain that is carried 
in a^ steel tube provided with a screw thread, so 
that it can be ^xdd in a hole in the^cylinder. One 
end of. the insulated steel wire of the plug projects 
a little way into the cylinder, anc^ it is commonly 
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turned over so that “its point comes within a 
few thousandths of an incl\ or so of the steel 
b^dy of the plug. 

The space between these points is called the • 
“ gap,” and it is here that the spark takes place.* 
The spark itself is a phenomenon associated with 
the disruptive discharge of electricity in the 
medium of a gas, an example of which on a more 
magnificent scale is denjonstrated by lightning. 

Ordinarily, only one wire is led from the magneto 
to each ignition-plug, but the current returns to 
the magneto through the . metal body of the 
plug, the cylinder-casting and the framework 
generally. It is because the return path of the 
current is thus “ earthed ” that it is so necessary 
carefully to insulate the other wires from contact 
with any metal part of the car. Air, rubber, and 
porcelain are among the best Insulators. 

Reference has already been made to the action 
of the carburettor, but a somewhat more detailed 
description of its operation may be helpful. Most 
modern carburettors are of the float-feed spray- 
jet type, and their essential purpose is to discharge 
a spray of petrol from a very fine bore jet whenever 
the pressure of the atmosphere in the vicinity of 
the jet is reduced below its normal atmospheric 
value. 

If the jet wer* to discharge petrol continuously 
the fuel'would obviously be wasted. A carburettor 
is therefore adjusted so that although the petrol 
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Various iiiethodh of iul)ncatiti!^ the crank-sliaft of an engine are in vogue, and the abov'e photo- 
giaphs show two systeni.s that lend thetiiselves to illustration Some methods cannot very well be 
photographed. In the iiiipi j view, oil is foiced bya pump through pipes, to tlie main bearings, each 
beat ing having its own si-uarate pii)e which communicates with a common service pipe supplied fiom 
the pump. The engine has been tinned on its side to expose the crank shaft in position, and the 
base chamber has been removei.1 in this engine, a Vauxhall, the crank-shaft is supported by bear- 
ing caps from the uppei part of the engine base. In some cases the lower part of the engine base 
suppoils the crank-sbaft. In the lower view, oi' is delivered by a pump to a series of trouglis, into 
which little scoops fastened to the lower ends of the connecting tods dip at each revolution. 'Ihese 
Si oops coiumun^tate with the bearings of the connecting rod big-ends on the cr.anl, -shaft. In some 
cases the suppoiting iiearings and the big-end bearings are independently lubricated by diflerent 
methods, but in other cases the crank-shaft is drilled with oil-ways, so that the oil can be forced to 
all the Ijearings through the interior of the ciank-shaft. Originally, engines used to be lubricated 
by maintaining oil in ihc liase chamber at such a level that the connecting rods would splash into it 
as the crank shaft revolved. An objection to this system is that it does not lend itself readily to 
regulation, and surplus lubricant tends to promote a smoky exhaust by getting past the jjistons into 
the combustion chainlier, wheie it is paitially burned. 'I he residue deposits as carbon on the 
cylinder head and on the ignition plugs, thus tending to promote pre-ignition and missliring. The 
piston and the gudgeon pin bj'^ whicb the connecting rod is hinged to the piston, aie, as a rule, 
lubiicated by the oil that, exuding from the big-ends of the connecting rod, is thrown in all 
directions as the crank-shaft revolves. In some cases, a pipe is led up to the connecting rod from 
the big«end to the gudgeon pin, in order that the latter may be brought within the direct scheme of 
lubrication. In this case, the gudgeon pin is sometimes drilled so that oil can pass through it on to 
the cylinder walls. 
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stands level with thQ top of the jet, and may even 
form a little bead at the orifice, it does not produce 
a spray until the pressure in the induction-pipe is 
reduced by the suction of the engine. 

The inrush of air itself is caused, as already 
explained, by the suction effect resulting from the 
descent of the piston in the cylinder. As the 
petrol sprays from the jet it is carried away by 
the air, with which it forms what is to all intents 
and purposes a gas. 

In order to maintain the petrol at its proper 
level in the jet, so that the operation of the jet 
may be sufficiently sensitive to respond auto- 
matically to the movement of the air in the 
induction-pipe, a regulating device, known as the 
float-feed chamber, is employed. The float-feed 
chamber contains a hollow metal drum that is 
buoyant in petrol. Resting on the top of the drum 
or float are, usually, a pair of small levers con- 
trolling the action of a pointed spindle, which acts 
as a needle valve regulating the admission of 
petrol from the main tank into the float-feed 
chamber. By this means, the level of the petrol 
in the §oat-feed chamber is always kept constant, 
and as the jet is in direct communication there- 
with, the level in the jet is likewise always con- 
stant. 

When starting up the engine by hand, it is 
common practice to “ flood ” the carburettor 
temporarily by raising the needle valve. This 
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latter commonly projects through the lid of the 
float -chamber for this purpose. Such action 
causes an overflow of petrol from the jet and 
results in the volatilization of a quantity of petrol 
in the induction-pipe. An explosive gas is thus* 
mbre readily drawn into the cylinders wheh the 
engine is cranked by hand. Once the engine is 
in operation, its relatively high speed, as com- 
pared with the rate at which the crank-shaft 
can be turned by hand, induces all the suction 
that is required to create an effective spray from 
the jet. 

There is one other point associated with the 
operation of multicylinder engines to which refer- 
ence must be made, and that is the fact that 
the sequence in which -the cylinders fire is not 
the same as that in which they are situated in 
relationship to oaie another. Thus, fyr example, 
the crank-shaft of a fcfur-cylinder vertic^il engine 
has its cranks set at i8o degrees to one another ; 
that is to say, they all lie in the same plane, and 
those at each end are opposite to those in the 
centre, which* are adjacent to one another. If, 
therefore, we assume that the cylinders are 
numbered i, 2, 3, 4, in the sequence of their 
arrang«ment on the crank-chamber, their firing 
order ,will be i, 2, 4, 3, or i, 3, 4, 2, according 
to the choice, of ^hd designer. 

Some . stationary vertical engines are so con- 
structed that the plane of the cylinders is dis- 
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Tiiic Daimler En(;ine 

In the Daimler engines, the admission and exhaust of the gas is controlled by cylindrical members 
called sleeves, which are situated inside the cylinders and surround the piston. The piston works 
up and down witliin the innermost sleeve. There are two sleeves in each cylinder, the sleeves 
beine;, of couise, concentric. Slots aie cut in the sleeves, and the up-and-down motion brings the 
appropriate slots opposite to each other and also opposite to the proper orifice in the cylinder wall 
when the* gas has to be admitted or ejected. The upper photograph shows a six-cylinder Daimler 
engine complete, except for its external pipe work, and underneath it is a complete set of sleeve 
valves with their operating mechanism. '1 he crank-shaft and connecting rods are also shown. In 
order to illustrate the many different materials used in motor-car construction, the nature of the 
various parts is indicated. 



THE PETROL ENGINE 


155 


placed to* one side of fhe plane of the crank-shaft. 
This displacement is made in the direction of 
rotation. Its immediate effect is to retard the 
moment at which the piston reaches the top of 
its stroke until after the crank has arrived at its 
vertical dead centre. In consequence of this, the 
obliquity of the connecting-rod is diminished 
throughout the entire duration of the .firing 
stroke, and the lateral pressure and consequent 
friction between the piston and the cylinder- 
wall during that period is thereby reduced. It 
is, of course, during the firing stroke that such 
lateral pressure is most pronounced, because 
the forces in action then have their highest 
values. 

It necessarily follows that if the connecting- 
rod is less oblique during the firing stroke and also, 
of course, the suction stroke, it must be relatively 
more oblique during the exhaust stroke and com- 
pression stroke. 

A consequence of this desaxe principle that is 
not so obvious at first sight, is that the actual 
length of stroke traversed by the piston in the 
cylinde.r is greater than that in the orthodox 
engine having the same crank radius. Ordinarily, 
of course, the stroke of the piston is equal to twice 
the throw of the crank, but in the desaxS engine 
this dimension is exceeded by an appreciable 
amount and, in consequence, the effective volume 
of the cylinder is thereby increased as compared 
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with an ordinary engirtfe having the same crank- 
shaft. 

A special form of engine that is now as familiar 
as the more orthodox type is that introduced by 
the Daimler Company in September, 1908. For* 
some years this firm had been experimenting with a 
motor invented by Mr. C. Y. Knight, of Chicago, 
and as.the result of their tests they decided to adopt 
it as thejr sole standard njodel. It was a remarkably 
bold, policy, perhaps the boldest that has ever 
occurred in the industry of automobile engineering, 
but it was justified by the subsequent commercial 
success of the motor in question. 

This Daimler engine does not employ valves of 
the^ type just described, but uses a pair of con- 
centric tubes or sleeVes- that slide up and down 
inside the cylinder.’ These sleeves are a close fit 
inside the cylinder, and they form, ae it were, a 
lining to the cylinder.' The piston wosks inside 
the inner sleeve, and is not, therefore, in direct 
contact with the cylindeTr-wall. 

The motion of the sleeves is controlled by links 
from an eccentric shaft that occupies a similar 
position, and is similarly driven to an ordinary 
cam-shaft. 

In the sleeves arp slots that move across openings 
in the cylinder- walls, through which the gases enter 
and escape from>tlie cylinder. As there are two 
sleeves, -it is necessary for the slots in each to 
correspond with each other as well as with the 
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port in the cylinder-wall before a throhgh com- 
munication is established. The principle of action 
is thus somewhat like that of a number lock for 
wliick there is only one setting that releases the 
bolt. ' ■ 

Primarily, the object attained by the Daimler 
engine is silence in conjunction with high power. 
Fundamentally, parts that slide across one another 
are potMitially more silent than a valve that 
strikes against its seating. In general, the de- 
velopment of high power ^n a poppet - valve 
engine tends to make for a noisy valye motion, 
although it must be admitted that such engines 
have been improved immensely in this particular 
of late. 

In the Daimler engkie- the sleeves are positively 
controlled by their operating links in both direc- 
tion^ whereas in the poppet-valve engine it is a 
spring that closes the vS^lve. , 

There are many other interesting and important 
points of comparison between the two types ; 
but their purely technical character is somewhat 
outside the scope of this book. 

At a more recent date, the Argyll factory also 
adopted a sleeve-valve engine, which, however, 
differs from the Daimler engine in having only one 
sleeve in each cylinder. 

The motion of this sleeve, instead of being 
straight up and down, is elliptical ; that is to say, 
it performs a partial rotation in addition to a 
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longituditial motion inside the .cylinder. It also 
has justified the maker’s enterprise .by its success, 
and particularly dii it advance itself in public 
esteem by a very severe trial that was carried out 
at Brooklands during 1913. 
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THE MAGNETO 

T hose who stop for a moment to think of 
the universal employment of the high- 
tension magneto on modern cars, and who 
realize what sort of mechanism (I v^as almost 
sajdng box of tricks) it is that has won such 
phenomenal prestige under the strenuous condi- 
tions of present-day motoring, should have small 
difficulty- in acknowledging the credit due to those 
wHo have accomplished such a significant per- 
formance in so short a time. 

Itr may be unknown to some that injignetos were 
used at a very early ^te indeed in the, history of 
the development of the small high-speed internal- 
combustion engine. The fact that low-tension 
magneto-electric ignition was ousted by the hot- 
tube system-^the idiosyncrasies of which are 
among the treasured experiences of those who 
drove cars in the vejy early days — serves only to 
illustrate the seriousness of the difficulties that 
have so successfully been overcome. 

Greater attenjicfti to mechanical detail and to 
the chgice of material, subsequently reinstated 
the low-tension magneto as a rival ^ the hot-tube, 

i6o ♦ 
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Till', roNviRucnON of a IIioii-jension Maoneio 

Tlje machine actually employed as an example is the Bosch Z U 4 model. The magnets 
aie of hard special steel, and retain their magnetism indefinitely. The rotation of the 
armature in the magnetism between the pjle pieces generates impulses of electricity in the 
wire that i-> coiled on the iron coie of the armature. There are two such coils, and the 
ci?cuit of one of them is switched open periodically by the contact breaker. The opening 
of the circuit induces an electro-magnetic reaction in the other coil, which ^ives rise to a 
very high voltage at the high-tension end of the machine. This high voltage is distributed 
to the ignition plugs and produces the spark that ignites the charge in the cylinders. The 
condenser facilitates the reaction between the two coils. The combed pole piece facilitates 
starting with the ignition lever retarded. 
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and when* earlier high-tension battery systems 
and the earlier high-tension magnetos iirst ap- 
peared, their initial ‘imperfections prolonged its 
lease of life sufficiently to permit of partisan 
opinion as to relative merits, which found its 
usual vent in the correspondence columns of the 
technical Press. 

Of the causes that led to this sequence of changes, 
one stands out above others as the real criterion 
of merit in ignition systems. It is their relatively 
greater ability to synchronize the spark in the 
cylinders of a multicylinder engine. 

The term synchronized ignition is familiar to all 
motorists : it means that the spark occurs at 
precisely the same relative moment in each 
cylinder. That is to say, if the spark happens in 
one cylinder when the piston is an eighth of an inch 
from the top of the stroke, then it occurs when the 
pistons of the other cylinders are precisely at the 
same place. 

To ensure this synchronism with low-tension 
ignition was difficult, because the igniters and their 
tappets would wear unequcdly and, therefore, 
needed much careful adjustment. Similarly, it 
was also difficult to adjust the tremblers of a 
multicoil battery system so as to give a truly 
synchronized spark. 

The introduction of a revolving high-tension 
switch, in the form of a distributor, for use with a 
single coil, much facilitated the synchronizing of 
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battery ignition, but the high-tension ihagneto, to 
which the distributor was equally applicable, had 
th^ additional advantage of making its own 
Mq^tricity, whereas a battery of accumulators was 
merely a stora^ place that was far too apt to 
run dry at inconvenient places to be fully Adapted 
to the needs of the touring motorist.. 

At first, the high-tension magneto was regarded 
as a very questionable advantage, for the duty of 
turning out as many as a million sparks a day was 
often beyond the powers o^f a mechanism having 
the internal delicacy of clockwork, yet operating 
under conditions of shock and vibration that would 
be a severe trial to the most robust of engineering 
structures. 

* And when. I recall .the nature of some of the 
early machines that I used to dissect, the wonder 
is that they woiild last for an hour while doing such 
work. 'Some of the* very early magnetos — and' 
there was an extraordinary crop of varied types 
during the first few years of their budding popu- 
larity — failed through lack of the minor refine- 
ments that are so essential to the successful oper- 
tion of such mechanisms. 

t 

The magneto, I haVe said, won the day against 

the hattery because it could make its own elec- 
« 

tricity, while the high-tension system ousteddow- 
tension ignitioi^ fbr the reason that it could more 
easily he synchronized, and also because it avoided 
the obvious objections that maiy bg,leVelled against 




** Aute^' Copyright Drawing, 

Diagram of a fypical high-tension ignition system, illustrating the complete circuit through 
which the electricity flows from the magneto to the ignition-plugs, and back again to the magneto. 
The return path from the ignition-plug is provided by the metal parts of the engine, and is commonly 
called an ‘^earth’’ return. Another illustration shows the component parts of the magneto, and 
the inscription thereunder describes their action. The above drawing shows how the high-tension 
electricity is collected from the armature, and is distributed to the ignition-plugs in their proper 
firing sequence. Should one of the^ ignition-plug circuits be out of action, so that the electricity 
cannot flow through the plug, the impulse discharges as a spark at the safety spark-gap. The 
drawing also illustrates diagrammaticaliy the two coils on the armature and the connections of the 
contact-breaker and the switch. 
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thq insertion of moving members through the 
walls oi cylinders that it is essential to keep gas- 
tight. 

■ The uninitiated may well ask what are the 
essential differences between these different forms 
of electricity that come, one sort from batteries, 
another sort from magnetos ; and between one 
' kind .that is called low-tension and another high- 
tensio.B. It is with tlje object of answering such 
queries in a way suited to those who know nothing 
of the theory of the subject that I proceed to make 
a few further elementary remarks. 

In so far as the spark itself is concerned, it is an 
example of high incandescence due to the heating 
effect of- the flow of electricity across the gap. Its 
a^)ility to fire the charge is due to the incandescence 
and not directly to the 'electricity. So, too, is the 
ligllt of an electric lamp due to the incandescence 
of its filament ratheri than to the fact that elec- 
tricity is the cause thereof.* When much electricity 
is forced to pass in a fine wire, the wire gets over- 
hot, glows, and finally fuses if it is exposed to the 
atmosphere, -but remains in a state of brilliant 
incandescence if it is enclosed in a vacuum globe. 
An arc light owes .its great illuminating power 
to the incandescence of the fine dust that dis- 
charges from the carbon ; lightnipg is another 
form in which ^e* passage of electricity produces 
incandescence. There are other phenomena that 
may be readily recalled in which electricity is 
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harnessed* in the service of man’ for the generation 

of heat. . ' ' 

Electricity in respect to ignition, therefore, is 
only a means to an end ; the magneto and the 
battery are merely different devices by which the 
means is rendered available on a car. 

Electricity itself exists passively in nature, but 
several processes for bringing it into action are 
known to science. I propose referring to three of 
them. 

If a stick of sealing-wax is rubbed with a piece of 
flannel, it will become charged with electricity on 
its surface, and will act as if it were a magnet in 
the way that it will attract towards itself tiny 
pieces of paper. 

The behaviour of water is often used as an 
analogy for the action of electricity in order to 
assist the mind in obtaining a picture of the con- 
ditions. In the above experiment, the surface of 
the sealing-wax may thus be supposed to be wet. 

Another means of producing electricity is to 
attach the ends of a wire, which is to form 
the electric circuit, to certain materials, zinc and 
carbon ,.f or instance, and immerse them in a suitable 
medium, such as a solution of sal-ammoniac in 
water. In this we have the familiar wet -jar cell 
of the household electric-bell circuit. Another 
form of much the same thing is the popular dry 
cfell that you may purchase at any ironmonger’s. 

Both need replacing with new materials when 
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they are run down. By a change of materials and 
modification of design, however, a battery can be 
made that may be restored when exhausted by 
causing chemical changes in the material by the 
action of electricity itself. Thus, by reversing th*e 
flow of»the electric current, the battery may be 
recharged ; obviously, it is necessary to subject 
'the battery to a voltage superior to its own. 

Whether or n'o the, materials are replaced or 
recharged is of small consequence compared with 
the main fact that they last coily a short time under 
constant use,*and so the S5^stem, as a .whole, tends 
to be inconvenient to the motorist. 

By the water analogy, they represent the cis- 
tern of the isolated country house that is not on 
the water main. When the cistern is empty it 
must , be refilled by the bucket or by pumping, 
and either way^it is a nuisance. * 

The tliird method -df generating electricity that 
I shall mention is one that has revolutionized 
civihzation by its far-rfeaching consequences. 

Everyone is familiar from childliood with the 
fascination erf the sjeel magnet r nd its power of 
attracting other pieces of steel to its extremities. 
In another form, • as a compass, everyone is 
familiar with its property of pointing always 
north hnd south when freely pivqted. A f)he- 
nOmenon less gqner^ly known among laymen and 
less readily demonstrated without special appara- 
tus is the fact that when electricitj^flows in a wire, 
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the wire is surrounded }>y a sheath* of magnetism, 
and that when the wire is coiled, the core of the 
coil is a magnet so long as the electricity flows in 
the coil. 

Conversely, a coil of wire closed at its ends so 
as to form a circuit, vill have a cuirent of elec> 
tricity induced in it if a magnet is passed through 
the core of the coil. 

The magnet must fit the core fairly closely to 
produce the best effect, and, in any case, the 
electricity will only be produced in the wire while 
the magnet is moving. In fine, it will merely be 
an impulse of electricity. 

The tiny magnetos with which motorists are so 
familiar are examples of the practical application 
of this principle in a compact form adapted to a 
particular purpose. On the same fundamental 
basis, however, also stand the gigantic alternators 
of the world's great generating stations, whence 
electricity representing millions of horse-power 
is forced ceaselessly to pulsate in the network 
of copper arteries that serve to convey, as light, 
heat, and energy, the very life blood of that 
stupendous creation of our species which we 
are pleased to call “ civilization.” 

By the water analogy, the magneto is a pump 
coupled to the inexhaustible well of nature’s elec- 
tricity. Observe closely, however, and bear 
clearly in mind that it is necessary to work the 
pump always, whereas the battery works by itself 
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while it lasts, Elettricity, is a phenomenon 
associated with the manifestation of energy in 
spme form or another ; it must be generated by 
the apf^cation of power before it is available iot 
conversion into energy of some other form. 

In the sealing-wax experiment, there was the 
friction ; . in the battery, the chemical change ; in 
the magneto there is the magnetism. Turn the 
armature of a rhagneto by hand, and you will 
hardly need to be told that not all the resistance 
you feel is due to imperfection in the modern ball 
bearing. 

How, in a* magneto, you may well ask, do the 
stationary magnets pass through the coil of wire, 
wj^ich yOu wiU have recognized is the armature ? 
It is, of course, onl5f tiie effect of so doing that 
is produced, but the effect in question is, indeed, 
the*consequence of the rotation of the armature 
between the magnet- poles. • 

Most motorists of long experience have at 
one time or another 'dismembered a magneto, 
and have noticed that the armature consists in 
part of a coil of wire wound round an iron core 
of a section. This iron core is laminated,^ that is 
to say, it is built up of numerous thin iron plates 
that are insulatecj from one another for the pur- 
pose of preventing the promiscuous .generation of 
electric currentsiin *the iron itself. It is also within 
common knowledge that a piece of iron may tem- 
porarily be magn^ized by its mere pfoximity 
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to a magnet ; consgqmently it m4y *|>e readily 
understood that the iron (Spte of th^ armature will 
be magnetized by \drtue of its |>o$ition between 
the pole pieces, although in itself it is not atnagnet 
when removed from its environment. 

Again, everyone is acquainted with the dis- 
tinction between one end of a magnet and the 
other, which makes the same end of the coi^pass 
point always to the north. If the north pole of 
a magnet (the end of the compass that points 
towards the north) is placed adjacent to a piece 
of iron, it causes the iron to form a virtual ex- 
tension to itself. Now if the iron extension were 
turned round so that the other end were placed 
adjacent to the north pole of the magnet, it is 
obvious that the magnetism in the iron would be 
reversed in the process. Equally is it obvious 
that between the time when it is magnetized in 
one direction and then in the other direction,- 
there must be an intermediate position in which 
to all intents and purposes it is not magnetized 
at all. 

If on this piece of iron a coil of wire is wound, 
the effect of making the iron alternately a magnet 
and not a magnet, or rather making it a magnet 
first with the north pole at one end and then 
reversing the magnetism so that the north pole 
is caused to be locate4 at the other end, will 
obviously be identical with the effect that would 
be produced by passing a real permanent magnet 
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thK)Ugii the coil of wire first in one direction and 
then in the other. 

It has been stated above that this action 
’generates electricity in the coil, so then will the 
process of reversing the magnetism in the iron 
• also g^erate electricity in the coil of wire. Thus, 
if the iroh' core of the armature, on which a coil of 
wire k wound, is rotated between the poles of a 
permanent magnet, it becomes magnetized first 
in one direction and then in the other direction, 
and so the effect is equiv^ent to that of passing 
the magnet through the coil of wire, and electricity 
continues to be generated in the coil so long as the 
magneto armature continues to rotate. 

But the very nature of the operation makes it 
Apparent that electricity so generated will be of 
a pulsating kind, just as it is apparent that water 
delivered frorq a single-cylinder pump tends also 
to pulsate. In fac^, the situation presented by 
the magneto is such that*the electricity flows first 
in one direction and i?hen in the other round the. 
circuit. With an ordinary revolving armature 
magneto and an ordinary horseshoe magnet, there 
is a reversal of the flow at each half-revolution of 
the armature. 

Si^^ce there is a reversal of the flow, it stands 

to reason that there must be a moment when there 
* » 

is no current ^t All, and it is equally obvious for 
the s^e reason that there must be another 
instant when the -impulse is at ^ iftaximum. It = 
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may seem 'strange, however, that the lOaaaimiin 
position should be when the anaatujre core re- 
verses its magnetism and not when it is at the 
height of its magnetic intensityr From the pre- 
ceding remarks it will be very clear, therefore,: 
that the maximum position of the armature 
occurs when the armature core stands peif>endicu- 
lar between the pole pieces and not when'^it is 
lying in line with the pole pieces. 

This truly vertical position is a theoretical 
maximum position only ; owing to the tendency 
of the rotating armature to, so to speak, drag 
the magnetism round with it as if the^ magnetism 
were some sticky fluid that adhered to the arma- 
ture core, the real maximum position occurs 
when the armature has rotated somewhat further 
than the vertical position. Moreover, this dis- 
placement, due to the magnetic drag, varies with 
speed somewhat, and so the maximum position 
is not exactly a fixed point. 

It is a matter of common knowledge to motorists 
who look after their own cars that the spark is 
caused to occur at the ignition-plug by the separa- 
tion of the platinum points of the contact-breaker. 
Normally, the platinum points are in contact 
with each other, and the construction of the 
magneto is such that these platinum points 
virtually form the extremities of the coil of wire 
ofl the armature core ta which allusion has 
already been made. Their sudde® separation acts 
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as a switch in opening a circuit that was formerly 
dosed, and the result is a spark at the ignition- 
plug. The occurrence of the spark is due to causes 
♦th^t will presently be explained. For the moment, 
I merely wish to draw attention to the fact that 
■ the sl^rongest spark will naturally be given by 
separating the contacts when the armature is in 
its i^aximum position, which maximum position, 
as I have already pointed out, has a habit of 
changing its place with the speed. 

The significance of thf above remarks will 
better be realized when it is fully appreciated that 
the direction in which the maximum position 
tends to shift with increasing speed is opposite to 
the direction in which the timing-lever is moved 
tfo advance the ignition. Consequently, if the 
magneto is set so as to make the maximum posi- 
tion at high speeds coincide with the operation of 
the contact-breaker/there will be great difficulty 
in obtaining any spark at* all when the lever is re- 
tarded for slow speeds* and for starting. Alterna- 
tively, if the magneto is set so as to give the best 
spark at very slow speeds, the high-speed sparking 
may tend to be sluggish. The high speed in itself, 
however, increases, the voltage, and so tends to 
mitigate this drawback. It is, in fact, on the 
rise in voltage with increasing speed that’ the 
fixed ignition ^sy^tems depend for Their auto- 
matic ^advance, which is, in itself, merely a 
tendency to reduce the lag in th^ System at ail 
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points, owing to the,,superior effect,*^ ’a higher 
pressure. • { , , ; ; «. 

I have drawn attention to the above connection 
between the variation in the maximum position' 
and the timing, because it is in the manner in. 
which modern magnetos to a great extent sur- 
mount this difficulty that one of the most notable 
improven^ents in design has been made. In the 
ZU4 Bosch, for instance, one edge of each pole 
piece is fashioned like a comb. The object of thtts 
formation is to distribute the magnetism in such 
a way as will tend to give a range of maximum 
positions having serisibly uniform values, instead 
of only one well-defined point of great intensity*- 
With an ordinary pole piece there is a tendency 
for the magnetism to crowd into the centre and 
hang on to the very last moment, when the re- 
versal takes place with great suddenness. The 
comb edge tends to prevent this, and provided the 
magnets are powerful enough in the first instance 
— which the manufacturers may be trusted to 
take good care is the case — it is a distinct advan- 
tage to have this wide range of sufficiently strong 
maxima instead of merely one intensely strong 
maximum. Fixed ignition magnetos are not 
provided with these comb pole pieces. 

From the chauffeur’s point of view, there is no 
need to be conc^ned about the exact relative 
position of armature and pole piece that gives 
the best .maximum at any particijlar speed, The 
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magneto uiannfacturers mount the contact- 
breaker itself in a fixed position on the armature 
spindle, , and the only thing that whosoever may 
’besetting a magneto to an engine can ensure is 
that the range 6f his timing-lever covers the raAge 
of adyajlce and retard as it is, or should be, set 
out on the fly-wheel marking. If . the fly-wheel 
is not marked for the timing, then it is safe to 
set the magneto so that very nearly its full re- 
tard corresponds to the piston being on its upper 
dead centre. On motor-cycles that have only 
one gear ratio and are used for touring, it is 
good practice to allow one-third of the range of 
the timing-lever for retard beyond the dead 
centre •; two-thirds of the range is thus available 
tor advance, . 

,^.It 4s now necessary to consider the general 
principles underlying the generaticai of the high- 
t^sioii spark; for thus far I have dealt only with 
the method by which electricity is generated in 
, the armature coil. There are two coils of wire, 
on . the armature of a high-tension magneto. One 
of them is composed of comparatively stout wire, 
and is called the primary winding ; it is this coil 
that we have been considering hitherto. 

The^other coil of wire on the armature consists 
of a great many turns of very fintf wire : • it is 
called the secondary winding. Ijj, |hi3 secondary 
windijig is geneta'tud the hjg^-telsion electricity 
that creates the -spaxi^ Ifi jpriiici^e, both ends. 
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of the secondary wi^(^ing are j:»ilIi^Qd to the 
opposite spark-points of ant ignitipiy-plugi and, in 
principle also, the secondary winding niay be 
considered as absolntely distill and separate 
from the primary winding. There is an inter- 
connection on the Bosch magnetos,' to which I 
shall refer presently, but for the moment it will 
be easier to consider the two circuits as entirely 
distinct. 

One of the most interesting phenomena asso- 
ciated with electricity may be demonstrated by 
holding two entirely separate coils of wire close 
together, and causing an alternating current to 
pulsate in one of them. It will be found that a 
sympathetic electric pulsation is set up in. the 
adjacent coil, although there is no electric^ c6n- 
nection between them whatever. Electric lamps 
may be lit by this means ; for instance, if a Hat 
coil of wire is let into the surface of the table and 
the’ lamp bracket carries a corresponding coil of 
wire in its base, by merely placing the lamp 
bracket over the other coil, the lamp will light, 
although the table-cloth may intervene between 

the two ooils. 

• ^ 

Although there is no electrical contact between 
the two circuits, there is an essential link between 
ohe system tmd the other in the presence of the 
magnetism«th 5 Ltii,,is generated by the electricity^ in 
the firsf coil, ’li has- been explaiiied that passing 
magnet through |i coil gwises lilectpcity to be 
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generated in the coil, knd it should ’seem very 
reaswiable that calling electricity to flow in the 
coil in the first instance will, conversely, be the 
means of generating magnetism in its midst. In 
s^ort, wherever there is electricity there is also 
a magnetic disturbance, and wherever there is a 
magnetic disturbance there is also likely' to bO an 
electrical disturbance if there is any suitable cir- 
cuit. This reaction exists even between two 
parallel straight . wires, and you may frequently 
notice how telegraph wires are crossed in order 
to neutralize electro-magnetic interference between 
the lines. 

Another interesting point in connection with 
this phenomenon is- that the voltage of the elec- 
tricity. induced in the second coil depends on the . 
relative number of turns between the two coils. 
}f the secondary winding has ten times as many 
tttrils as the^ primary winding it < will have ten 
times -the voltage, and so on. On l^e contrary, 
it will have one-tenth the amount of current, or 
rather less, for there, will be a loss of energy iii 
the process of transformation, a^id electrical 
energy is measured as a product of Volts and 
amperes. 

Voltage is the name given to electric pressure,' 
and corresponds in its way to pounds per sqtlare 
inch; the ampere is the unit of elei^tric current, 
£Uid likewise corjiesponds in its way to such an ex- 
pression as gallons per hour in the case of the 
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flow of water. Botl\ t^rms are derived from the' 
names of fairtous piteer , electricians.'' • 

From the positlbn ^ the sec<3iidi^ cdil on the 
armature and the fact that it has many turns 
of wire, it is apparent that a sympaStlietic eletotric 
pulsation will be induced in the secondary coil 
by the primary winding, and if at any mome'nt 
there is an especially violent disturbance of the 
primary circuit such as is caused by a sudden 
interruption of the current, the conditions will be 
transformed to a correspondingly high intensity 
in the secondary circuit, and the voltage may 
reach such a magnitude as to cause a miniature 
display of lightning across a gap that is speidSally 
arranged for the purpose. This gap is the gap 
of the ignition-plug, and the lightning display is 
the spark. 

It will be understood that there is always '*a 
tendency for a current to flow across a gap so 
long as there is any voltage in the secondary coil ; 
and there is voltage in the secondary coil when- 
ever there is voltage in the primary coil. But, 
tinder normal conditions, .the voltage is insufficient 
to brea^ down the insulation of the intervening 
space, for the gas in the cylinder happens? tQ be a 
very ghod ir|sulator, particularly when it is under 
compression. Whefti, however, the primary cir- 
cuit is interrupted by the contact-breaker, dis- 
turbances of an especially acute character take 

plkce, the volt^e in the secondary coil reaches 

12 , 
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an extremely Mgii value, and the insulation of the 
gap is pierced by a*spark. 

That there should be a specially severe dis- 
turbance on the breaking of the circuit is due to 
*th5|, presence of the condenser. This consists of 
a Ipndie of insulated tin-foil, and is usually en* 

‘ clQ^d>in a brass casing forming an extension of 
the'^mature. Fprmerly it was often carried in a 
sepsarate casing between the magnets. The bundle 
of ir^sulated tin-foil usually consists of alternate 
•sheets of tin-foil and mica, forming a packet tIfifM: 
is/cut to the shape of the i^ceptacle in which it is 
packed. Alternate sheets of tin-foil are fastened 
together in a batch at one edge, while the inter- 
mediate sheets of tin-foil are similarly connected 
together on the other side. Thus, the condenser 
may be likened to the state of two books that 
have been placed together with their pages inter- 
leaved with each other. Or, it may be likened to 
the prdcess of shufiflihg a pack of cards where half 
the pack is forced into the other half so that cards 
.formerly adjacent become separated from each, 
other. 

In the electrical circuit, the two sides of the 
condenser are coupled up permanently across the 
contact-breaker. The condenser is not in itself a 
cldsod "electric circuit, for the mica insulates the 
tin-foii sheets from contact on opposite Sides. 
The condensei does, however, possess electrical 
capacity — that is to say, it.«»n teoeive a charge of 



electricity ‘on its sytfae^, coi^bi»ed surface, of 
the numerous sheets ®f tin-foil The 

idea of a charged surface has a^eady'^en pre- 
sented to the niind by the e7<;periment with the 
flannel and the sealing-wax, ^<i it is^0%hi^ order 
of things that the electrical state of the ccwdenser 
belongs. 

When the contact-breaker has its plarihUm' 
points separated by the striking of the cam against 
th^ bell-crank lever as the armature revolves, the 
c^ent that is thereby interrupted tends to* 
continue in the form of a spark across the widening 
gap formed by the receding platinum screw. The 
mechanism of the low-tension contact-breaker is, 
in fact, to all intents and purposes the same in 
principle as that so successfully employed in the- 
form of an igniter to produce a low-tension spark 
with the earlier forms of magneto ignition. 

At the contact-breaker of a high-tension magneto 
the creation of such a spark would in every way 
be a drawback. It would burn away the platinum 
points, and its very existence would imply the 
continuation of the electric current that it was the 
object qi the separation of the contacts to inter- 
rupt. 

When a condenser is fitted as a bridge across the 
gap formed by the separating points of the contact- 
breaker, however, the capacity of the condenser 
serves as an alternative place for the electricity, 
which prefers to charge the condenser rather than 
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expend itself in maintaining a.spark at the contact 
points. The spark is thus avoided, the life of the 
contacts is prolonged, and the current is dulj^ 
interrupted at the precise moment that its 
cessation is desired. 

But the condenser serves a further purpose in 
^ that it acts somewhat after the manner of a spring 
buffet. As its opposite sides are connected together 
'through the armature coil there is a tendency for 
the condenser to discharge itself as quickly as’ it 
becomes charged. Its natural state of electrical 
equilibrium is neutral, for the fact of its opposite 
skies being connected together at all times prevents 
a charged condition being anything more than 
momentary in durafion. The consequence of 
charging the condenser is, therefore, somewhat 
equivalent to- that Of striking a blow at a spring. 
The spring at first absorbs the blow, but it very 
speedily strikes back, as witness the example in 
which the spring happens to be a piece of elastic 
with a punch-ball attached to it, in the manner 
that can be seen in ally gymnasium. 

Moreover, in just the same way that a spring 
once deflected oscillg-tes to and fro before it comes 
to rest, so does a condenser set lip electrical 
oscillations of intense rapidity before the dis- 
turbance subside^. The whole period covered by 
the phenpmenon is only momentary, but it is, 
nevertheless, of Ihe greatest consequence, for 
without a proper condenser it is well-nigh im- 
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possible to get a i^rtiper spark imdet the usual 
circumstances. ^ : 

With these remarks I • complete to the; best of 
my ability the explanation of the essential links 
in the theoretical chain with wliich tlie general 
principles of the operation of the ma§ne|« ax^ 
bound up. There remains only to briefly review 
the mechanical construction of a modern machine, 
and to point out one or two extraneous features of 
interest in connection therewith.* 

The magnets themselves are made of a special 
steel that retains its magnetism throughout a long 
period of time. Any form of iron can be magnet- 
ized, but if the iroii is soft it will lose its magnetism 
very quickly, and particularly so if it is subject to 
vibration. Hard steel will retain its magnetism 
more or less permanently, but it requires a very 
special kind of steel to be worthy of the name of a 
permanent magnet under the conditions of opera- 
tion to which a magneto is subjected on a motor- 
car. 

In the ZU4 Bosch there are two horseshoe mag- 
nets side by side, their lower ends are fastened by 
screws to shaped cast-iron pole pieces that embrace 
the armature with just sufficient clearance to 
permit of its safe rotation. The pole pieces are 
only magnetized so long as they are attached to 

* What follows is intended more particularly to be of assistance 
to anylone who has an actual magneto that can be dismantled by way 
of practical illustration. 
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the aia^ets in themselves they, are not per- 
msmently magnetic.. *They are tastenpd to the 
bronze base plate of the machine, and it is about 
themnit thus formed that the iriagneto is erected. 
It is noticeable in this ZU4 Bosch how much 
attention has been paid to many minor refinement!, 
i|otabl54 those that tend to perfect the lubrication 
and the protection, against damp. Thus there is a 
felt joint between the bronze frames of the machine 
and the magnets, and ^there is also a piece of oiled 
paper between the two magnets. Where the 
armature spindle projects through the frame to 
receive the driving-shaft there is a felt ring carried 
in a groove. The object of these refinements is to 
make the magneto as" watertight as possible. The 
proper state of the felt is one of oily moistness, 
which is maintained by a by-pass oil-way that 
taps the main lubricating canal to the bearings. 

It K not advisable to “ tinker ” with magnetos, 
for in the first place The modern type* gives little 
trouble if once properly ‘set, while some of the 
earlier machines that Vere less perfect were also 
far less easy to reassemble once having been taken 
apart. Provision ig made for inserting lubricant 
in certain properly guarded oil-holes that are 
readily accessible, and it is just as important not to 
use too much oil as it is to use sufficient. A very 
little lubricant goes a very long way if it is properly 
applied. As a» instance in point, I may quote the 
well-known Gnome rotary engine used on aero- 
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planes, whiG&»^|I*#;W^ow ov^ a ^llon and, a, 
half of ca|tor;«|id iiijai hour, yet I l^e»*told of 
an experimenf in whrf that lefifine ha^ actually 
been adequately* lubricated by ^ of a drop of oil 
per revolution. A typical magneto such as the 
ZU4 Bosch has three bearings ; one is situated, at ^ 
each end of the armature spindle, and is a bull 
bearing, and one is a long plain bearing for the 
support of. the distributor wheel. The three 
bearings are supplied from two oil-holes on the top 
of - the magneto frame, and the distributor bearing 
is fitted with a screw plug containing a felt wide 
that absorbs the bulk of the oil when it is first 
inserted and distributes it evenly during the 
intervening time. Occasionally, it should be 
removed, washed in paraffin, re-saturated with 
clean oil and carefully replaced. Ball bearings 
need very little oil for their proper lubrication. 
Indeed the oil in this case is not so much a lubri- 
cant as a protection for the bright surfaces which 
it keeps in perfect condition. A hard sphere tolling 
on a hard, smooth surface offers the least resistance 
to movement that can be devised by mechanical 
means, and, in principle, there is no need to 
lubricate the surfaces, which are in rolling and not 
sliding contact. It is, however, essential to take 
every precaution to keep them free from dust and 
damp. 

One of the most interesting and important of 
•the refinements in the ZU4 Bosch lubricating 
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system is the provision of sumps and drains for 
discharging surplus oil that otherwise might spread 
indiscriminately over vital parts not intended to 
be lubricated. ' 

*The armature itself and the condenser enclosed' 
in the armature fextension together form a unit 
that is Jjeyond the care of the motorist. ‘ It is 
absolutely certain that amateur hands will do 
more harm than good by any attempt to set right 
a fault either in the armature winding or in the 
condenser. Their successful operation depends 
entirely on the perfection of their initial construc- 
tion, and the nature of that work is such as to 
render the details quite inaccessible for general 
inspection. 

At one end of the armature is the brass ring 
forming the live end<of. the high-tension winding. 
Against this ring presses a spring-loaded carbon- 
bru3h carried iq an ebonite bracket y The same 
bracket 'carries another carbon-brush, making 
contact with a brass button on the end of the 
distributor spindle, which itself carries a carbon 
brush that revolves over the distributor contacts. 
All the brushes are carried in brass guides so as to 
make a better electrical connection, and are 

'I 

attached to light steel springs that are fastened to 

the guidfes above mentioned, except in the case of 

the distributor brush, which can be removed with 
% 

the spring compMe. The distributor brush is 
notched, and is prevented from falling out of its 
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socket by a spring clip. Clean contacts and free- 
acting brushes ate the essWtial qualities to be 
maintained in tMs part of the high-tension circuit, 
and, as the magneto is entirely enclosed, there 
ought to be no difficulty in retaining these proper- 
ties. 

There is, in the high-tension circuit, a safety 
spark-gap formed by a brass plate projecting from 
the bracket that carries the high-tension collector- 
brush. This gap, which measures about half an 
inch across, is for the purpose of serving as an 
outlet to the high-tension electricity if for any 
reason it is prevented from flowing through its 
usual circuit. More often than not, of course, a 
broken plug or other fault results in a short circuit, 
but it may happen that a high-tension wire 
becomes disconnected, so that there is no circuit 
for the high-tension current at all. Under such 
circumstances the spark takes place at the safety 
spark-gap, and so avoids the liability of piercing 
the' insulation at some inconvenient point that 
would spoil the circuit for future use. 

The live end of the low-tension armature 
winding terminates in the long screw that holds 
the contact-breaker mechanism on to the armature 
spindle. The low-tension electricity is thus led 
direct to the stationary member of the contact- 
breaker, which is insulated from the plate sup- 
porting the mechanism. This plate, together with 
the rock lever carried upon it, forms part and 
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parcel of the armature core, so far as electrical 
connections are loncerned ; ' hence the low- tension 
winding is short-circuited So long as the contacts 
are closed. 

' Whenever the armature rotates, the contact- 
breakers are periodically struck apart by the 
actiorij of the rock lever upon the stationary earns, 
and thus the circuit is suddenly broken twice every 
revolution. It is at the moment of break that the 
spark occurs, and the timing is thus obtained 
by rocking the member to which the cams are 
attached, by means of the timing-lever. In the 
ZU4 Bosch magneto, the cams are shaped steel 
shoes fastened by screws to a bronze sleeve. On 
the outside of the sleeve is a collar that is slightly 
undercut on its faces so that it may be clamped 
tretween the jaws *oi a lever attachment that is 
fastened by a screw. ' By this simple design the 
timing-lever fan be set in any ft)ne of several 
positidns to suit the arrangement of» the control 
on any particular car. Yet another little refine- 
ment that might escape notice is the presence of a 
lubricating wick in one of the cams, the object of 
which is to retain a little oil and so keep the 
surfaces just sufficiently moist. , 

The striker lever is a steel bell crank with a 
platimim-tipped screw at one end for the contact, 
and a fibre heel at the other. This latter strikes 
against the c^m’‘as the armature revolves. It is 
designed so that it can be replaced when worn, but 
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the life is indefinitely long under ordina^ circum- 
stances. The contacis are heldHosed by a steel 
spring, which in appearance is like a length of 
clock spring. At each end, this spring is reinforced 
by an additional layer for a length of about half 
an inch. The object of this feature is to increase 
the strength at the weakest part, where, otherwise, 
it is most liable to break. 

The spring is fastened by screws, and it is 
necessary to remove one screw if the bell-crank 
lever has to be taken away from the mechanism. 
The lever itself is held on its pivot by a spring 
clip, and could, otherwise, be removed without 
tools. The only purpose for which it might need 
removal is to ease the spigot bearing on which it 
rocks, if that happens to have become tight, as 
conceivably it may do if damp, for it is bushed 
with fibre in order that it may operate without 
lubricant. 

The adjustment of the contact points is provided 
by a screw carried on the insulated contact plate ; 
a special spanner is supplied with the machine for 
the purpose of making this adjustment in situ. 
There is apt to be some confusion of thought as to 
the significance of the virtue of some precise 
amount of “ break,” that is to say, in the exact 
distance apart to which the platinum tips move 
when the heel of the bell-crank lever strikes the 
cam. In the first place, the mechanism of the 
magneto is such that the adjustment of the contact 
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screw determines the moment at which the points 
separate, and so the extent of the gap does to a 
slight extent affect the timing. This is due to the 
^fact that the edges of the two cam plates are 
bevelled, and thus afford a range of positions where 
the heel of the contact lever first strikes against 
them.i If the adjustment screw is drawn hack, the 
heel of the contact lever moves outwards and so 
strikes against the bevelled edge of the cam plate 
sooner than would ol^herwise be the case. As the 
contacts then first separate when the heel is still 
low down on the bevelled edge of the cam, the gap 
between the platinum tips increases as the heel 
rides up on to the parallel part of the cam. Con- 
versely, if the adjustment screw is moved inwards, 
so is the heel of the contact lever drawn inwards 

f 

too, and if the adjustment is carried to excess the 
heel might miss the cam altogether. Between 
tliese extremes there is naturally an adjustment 
that affords the mo^t suitable mean position, and 
so contributes most to ‘the proper harmonious 
working of the magndto as a whole. 

There is, however, a more important considera- 
tion than the aboye, and it relates to the slope of 
the cam face at any point. The slope determines 
the rate at which the contacts separate, and a 
quick break is everything. So long as the slope 
is constant, the break will be equally quick, 
mdependently»of the allowable distance to which 
the points separate. Just where the wedge part 
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of the cam funs into t^e parallel part, the surface 
is rounded over and the slope changes. If the 
adjustment is set for a very fine break, therefore, 
the heel may strike this less steep part of the cam 
and so make a slower break. A slower break is 
conducive to sparking at the contacts, and as, in 
addition, the points do not separate very far, the 
spark, if it occurs, has an excellent opportunity to 
persist, and “ pit ” the platinum surfaces. 

It is, therefore, w'orth while taking trouble to 
make the adjustment properly. The usual dimen- 
sion of the gap is about half a millimetre. 

It should be needless to remark that the plati- 
num-tipped contacts must be kept clean and flat, 
so that when they come together they may serve 
instantly to close the circuit. The circuit is closed 
by the fact that the bell-crank lever is in natural 
electrical connection with the plate carrying the 
contact mechanism, which in turn is carried by 
a portion of the armature frame to which one 
end of the primary winding is “ earthed.” The 
condenser is permanently connected between the 
live end of the primary winding and the armature 
frame, and so remains across the gap of the contact- 
breaker when the points are separated. 

There is, on the Bosch magneto, a carbon brush 
projecting from the back of the contact-breaker 
plate so as to make electrical connection between 
that member and the frame of the magneto. The 
ob’ject of this brush is to ensure a proper circuit 
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for the switch, the live side 9f which is coupled up 
to a terminal on the ‘cover plate over the contact- 
breaker. This terminal is connected by a spring 
^contact with the live end of the primary winding. 
When switching off a magneto the object is to 
render the contact - breaker ineffective while 
operating, by permanently short-circuiting the gap. 
It is thus necessary to arrange the switch so that 
the “ off ” position from the point of view of 
switdiing off the magneto corresponds to what the 
electrician would ordinarily describe as the “ on ” 
jX)sition from the point of view of the switch. 
That is to say, when the magneto is “ off,” the 
switch circuit itself is closed, and when the magneto 
is “ on,” the switch circuit is open. In the absence 
9f the earthing brush on the back of the contact- 
breaker plate, the' switch circuit could only be 
completed via the ball bearings on which the 
armature spintile is supported. * 

Two other earthing brushes are ako provided 
in the sides of the magne*to frame, and they press 
directly upon the condenser-casing. Thus, between 
them these earthing brushes secure a thoroughly 
efficient electrical connection between the revolv- 
ing members and the stationary members of the 
magneto, and so avoid any possible faultiness in 
the^^arth return circuit whether from the plugs or 
from the switch. It is extremely important to 
recognize the Requirements of the current of the 
electricity that flows back to the ma|[neto from the 
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ignition-plugs. Electa icity does tiot flow at all 
except in a closed ciituit, and the meife' use of an 
“ earth return ” does not avoid kny of the liabili- 
ties that would properly accompany the fitting up 
of a return wire. The earth return is a convenience, 
but its essential qualities must not be neglected 
on that account. The electricity is led to the 
ignition-plugs by properly arranged cables 9on- 
nected to the plug terminals and to the distributor, 
and it is equally important to ensure that the 
return circuit from the body of the plug via the 
cylinder casting to the magneto frame and so to the 
armature core is rendered equally perfect. 

So far as the connection between the body of the 
plug and the cylinder casting is concerned, the 
screw thread with which the plug is fixed ensures 
that there shall be no fault. The cylinders them- 
selves make a metal-to-metal joint with the base 
chamber, and on a bracket projecting from this 
the magneto is ordinarily carried. There remains 
only the connection between the magneto frame 
and the armature core, which is nominally 
established through the ball bearings, but is made 
more perfect by the carbon brushes just described. 
Where a magneto happens to be carried on a 
bracket that is insulated from the engine, it is 
important to complete the earth return by a wire 
from the magneto frame to the cylinder casting. 
Similarly, in the case of the switch, the lever pivot 
of which must be permanently connected by a 
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wire to some part of the n\a^eto frame or to a 
member that is pefmanently connected to the 
frame. 

, The term “ earth ” in connection with the 
return path of the circuit is derived from the use 
of the earth itself in some forms of outdoor 

* # 4 

electrical operations. Although earth itself, as 
suclj, and in small quantities, is not a good con- 
ductor of electricity, the earth as a whole will serve 
this purpose. It is, however, not always suitable 
in electrical undertakings to use the earth, but the 
term " earth return ” has been applied to cover the 
use of other available objects not primarily 
designed as electrical conductors. Thus, the earth 
return of an electric tramway system consists of 
;the rails, which are bonded together with copper 
tabs. Similarly, the metal of the engine of a motor- 
car serves as the earth return for the magneto 
circuit. ** ' 

When speaking of the high-tension circuit of a 
Bosch magneto, mentioh was made of a special 
point about the armature winding. The peculiarity 
cohsists in earthing the high-tension coil through 
the low-tefision coil instead of separately to the 
armature core. In consequence,- the low-tension 
coil forms part of the high-tension circuit while the 
spjCtk takes place, and the manufacturers claim 
to have found from experiment very material 
‘benefit from^this combination. Accepting the 
statement as fact, I must, however, confess to 
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being unacquainted with a full explanc|,tion of the 
theoretical advantages. It would seem that there 
is more than one point of view froth which to Con^ 
sider the question, but so far as a diagram of^ 
connections is concerned the only essential differ- 
ence in the system is that the secondary circuit 
forms a parallel circuit across the condenser 
terminals, whereas ordinarily the high-t^ision 
system has no direct electrical connection with the 
condenser. 

Of the magneto as a complete unit, I have now, 
said as much as properly comes within the scope 
of this chapter. There remains, of course, the 
question of driving the armature, and also the 
question of timing the magneto w’hilst it is in use. 
Of these matters the former relates to the detail 
of chassis construction, while the latter lies within 
the art of driving the car, and on both something 
has already been said elsewhere. 



CHAPTER XI 
THE DYNAMO 

B y the time that electric light has become 
a standard fitting on cars, very few people 
will stop to remember that there has been 
any difficulty associated with its introduction. 
I do not here refer so much to the natural tug- 
of-war existing between a novelty, and an old- 
established system, such as acetylene, but I am 
thinking more particularly of the electrical and 
piechahical problems associated with the design 
and construction 'of a successful electric light 
equipment for motor-cars. 

To appreciate the situation fully^it is necessary 
to understand a little about the fundamental action 
of a dynamo ; but that* which it is necessary to 
know for this purpose* lends itself to a fairly simple 
explanation, more particularly as the dynamo is 
essentially 'the same kind of machine as the mag- 
neto, which has already been described in full. 
The magneto is arranged to deliver impulses of 
elecftricity that synchronize with moments at 
which sparks are required at the ignition-plug. 
'These impulftes .alternately force the flow of 
electricity in opposite directions. The dynamo, 
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Thk Daimler Engine wri h a Dynamo k')R Elegiric Lighi' and Auiomvtic Si arting 

The C.A.V. dynamo is driven bj- a link belt from a pulley on an extension of the crank-shaft 
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same, dir^ctic^^ •* ■f‘ *•./ j.; ^ 
ib bpl^ ^^^es, Itke electridijy*, is geiiera:^ in a 
coil is womud on an iron core in such a 

fashion that the finkhed object forms a cylindrical 
or drum-shaped member known as an armature. 
This armature is situated between the poles of. the 
magnets, and is there rotated in the presence of 
the invisible, bhfc' nevertheless existent, magnetic 
field. The presence of the magnetism, although 

■ invisible, makes it a very much harder business 
to rotate the armature than would be the case were 
the magnets removed, yet there is no physical con- 
tact whatever between the armature and the 


magnets. 

The energy put into this rotation, when the 
armature is driven by the engine, reappears as 
electricity in the armature coil, and is, subse- 
quently, converted into light by the incandescence 
of the filament in the bulb. The mere rotation of 


the armature between the pole pieces of the 
magnet suffices to generate the electricity, but it 
depends on how the wire on the armature is 
wound as to the nature of the electric force that 


is produced. The simplest possible form of wind- 
ing is that employed on a magneto, but its utility 
is limited to the production of two impulses of 
electricity during each revolution. For the pur- 
poses of ignition this serves very well, because it 
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is possible by means of gening to arrange that 
these imptilses shall synchronize with the require- 
ments of the engine, 

" It would also be possible to light an electric 
lamp by the aid of electricity of this kind, and,' in- 
deed,^ most of the commercial electric light in houses 
and -elsewhere does, in fact, consist of impulses 
that alternate in their direction of flow. When the 
alternations are rapid, the filament of the lamp has 
no 'time in which t© cool down, and the retina of 
the eye is insufficiently sensitive to appreciate any 
variation in the brilliancy of its light. 

Were it possible satisfactorily tcx operate electric 
light on motor-cars directly from the generator 
itself, there would be no reason why the magneto 
f type of machine should not be employed for the 
purpose. ■ There* is, however, the fundamental 
^consideration that the electric light is often 
needed wheh the car is stationafy, and it would 
be altogether out of keeping with the convenience 
of electric light itself if the engine had to be kept 
running merely for the sake of the side and tail 
lamps being lit in accordance with the law. 

For this reason alone, it is essential that any 
electric light equipment on a 'motor-car should 
include the use of a battery of accumulators for 
tSe purpose of acting as a storage place from which 
electricity caq be obtained when the dynamo is 
not in acticfti. .The accumulator is a contrivance 
whereby chemical reactions are set up through the 
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agency of electricityV.and these, i?! towi, give ri^ 
to electrical action. , Accumnlators are thus avail- 
able, so long as they" contain any of the initial 
charge of electricity, for the purpose of lighting 
the lamps at any time, whether the car is at rest 
or in motion 

Also, the electric accumulator has the advantage 
of delivering its current at a uniform pressure 
throughout the greater part of its discharge, and, 
in consequence, it is able to maintain a steady 
light under conditions that are easy upon the 
filament of the lamp. On the other hand, the 
accumulator ought to be charged under equally 
steady conditions if it is to be maintained for a 
long period economically in active service. Herein 
lies, therefore, the fundamental problem to be 
overcome in designing a satisfactory dynamo for 
use on motor-cars. 

In order to charge accumulators, current from 
the generator must flow always in one direction, 
consequently the alternate impulses, as derived 
from the ordinary magneto, are unsuitable for 
the purpose, although there is, as a matter of fact, 
a magneto type of generator that has been adapted 
to suit electric lighting requirements. Moreover, 
apart from this fundamental aspect of the problem 
there is also the consideration that the electric 
pressure generated by a dynamo varies with the 
speed of its rotation, which is directly propor- 
tional to the speed of the engine ; consequently, 
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unless the ordinary dynamo is suitably modified 
in respect to its internal construction, pr has 
some special form of driving mechanism, it is 
ftmdamentally unsuited to the requirements of 
car lighting. 

It will be seen from what has just been said, 
that -there are two methods of tackling the 
proljlem. One system is so to wind the armature 
and to arrange the internal economy of the 
dynamo generally tl>at it will never give a higher 
voltage than a certain predetermined maximum, 
the other system is to arrange the coupling between 
the dynamo and the engine so as to prevent the 
dynamo being driven at a higher speed than a 
certain predetermined maximum. 

, Both methods are in vogue, and at present 
appear to be giving equal satisfaction. I do not 
j)ropose entering into a technical discussion of the 
ways and mehns of electrically regelating the out- 
put of the dynamo from within. Suffice it to say 
that the flow of electric current in the armature 
itself creates a magnetic field that can be used 
partially to neutralize the magnetism of the main 
magnets. As it- is upon the strength of the 
magnetism in which the armature revolves that 
the vpltage depends, it is apparent that the regu- 
lation of the magnetic field affords a direct means 
of limiting the output. 

The mech^ical method of regulating the speed 
of the dynamo consists of some form of shpping 
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clutch, which autortiatically releases the connec- 
tion between the engine and the dynamo when 
the engine runs faster than the predetermined 
speed. The success of tiiis system depends on 
the nicety with which the controlling apparatus 
is made to maintain uniform rotation without 
“ hunting,” that is to say, without any tendency 
for the armature speed to fluctuate considerably 
above and below its mean value. 

No matter what form of regulation may be 
employed for the purpose of limiting the output 
of a dynamo, it is apparent that it cannot main- 
tain a voltage below a certain engine speed. When 
the dynamo is driven so slowiy that it fails to 
generate a voltage equal to that of the accumu- 
lators, the accumulators will discharge electricity 
through the dynamo, and a certain amount of the 
current will thus be wasted. 

In order to avoid this waste, it is common 
practice to fit what is known as a " cut-out,” 
which is a simple electro-magnetic switch that 
operates on exactly the same principle as the 
hammer of an electric bell. When the voltage 
of the dynamo exceeds a certain minimum, the 
electro-magnet closes the circuit to the accumu- 
lators, and charging commences. When the voltage 
drops below this minimum, the current from the 
accumulators demagnetizes the electro-magnet, 
and the switch opens the circuit automatically. 

Sometimes the cut-out is not fitted, on the 



200 


MOTORING 

% 

grbtinds that it is an added complication. In this 
case, the motorist has to be sure to switch off his 
charging switch every time he stops his car, and 
♦ also whenever he is running unusually slowly. 
\^en current from the. accumulators passes 
through the dynamo, the dynamo rotates of its 
own arccord as an electric motor, and if the car 
is at.rest it is generally possible to hear its action 
owing to the click of the free-wheel through 
which the armature* spindle is, in such systems, 
driven by the engine. 

The pros and cons of electric light on cars have 
often been discussed in the Press. ■ Electric light 
starts out with the advantages of convenience and 
cleanliness. As a system, it requires intelligent 
*care, and, in the first instance, it may seem rather 
more complicated than an acetylene plant, par- 
ticularly when the acetylene generator is of the 
simplest kind, or the dissolved acc'tylene cylinder 
is used in its place. * 

The electric equipment has the disadvantage of 
greater weight and greater cost, particularly when 
the capacity of dynamo is very high. As at 
present used the electric bulbs in head-lights are 
seldom as powerful in nominal candle-power as a 
really good acetylene flame, but they are more 
cej1;ain of maintaining a steady light and they can 
be focussed with great facility, which is an im- 
’ portant point in .securing the proper illumination 
of the road. 
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Its convenience alone, however, is Sufficient to 
ensure its use by many motoriste now that 
thoroughly reliable systems are readily -available, 
for there can be no question that the ability to 
switch on at any tiijie without leaving the driver’s 
seat is a very good advantage that is greatly appre- 
ciated. It may not be difficult to light up with a 
match, but the real point is that it is so often a 
nuisance to have to do so, particularly to’ the 
man who drives his own car and who likes to be 
able to use it at a moment’s notice. 
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PETROL AND ITS SUBSTITUTES, 

HYDROCARBONS OF INTEREST TO THE MOTORIST 

I. The Paraffin series CnIIan-}- 2 


Methane 

Ethane 

Propane 

OH, 

C,H/ 

C,H. 


“ Gas. 

Butane 

Pentane 

C,H,„ 

CsHij boils 

> 

at 37 ° ( 


Hexane 

.. 

69 ’ 

) 

Heptane 

.. 

98 

>“ Petrol.” 

Octane 

c,h;. 

J 20 

) 

Nonane 

^9^20 .♦ 



Decane 

C,oH29 .. 


Kerosene lamp oil. 

Undecane 

Cl. ^ 2 '. 


Solar and Fuel oil. 

Duodecane 

C 1 2^1 0 c 

1 

Lubricating oil. 

Trcdecane 

^ 13H2g 

i 

Vaseline. 

etc. etc. 

C27Hr.« 

J 

' Paraffin wax. 


2. The Olefine series CnH on. * 

Ethylene CoH 4, etc. * 

3- The Acetylene series CnH.jn_2- 
Acetyfiene CoHo, etc. 

4 . The Benzene series CnHgn -a- 

Benzene CgHg J^oils at 81'’ C. ) 
Toluene C7H8 „ Tn°C. j 
Xylene 
etc. 

|.^The Naphthalenes CnHan- 12. 

Naphthalene C jgH » boils at 2 1 8 C. 

6. Alcohol 

Methylic Alcohol CH4O boils at 63” C. 
Ethylic „ CaHeO „ 78* 
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P ^ETROL ” K a trade ftfme . that was 
originally invented by Messrs. Carless, 
Capel and Leonard fdr the petroleum 
motor spirit supplied by them in the early days of 
automobilism, but so appropiiate was the choice 
of the word that it became a generic in raotoiiiig 
terminology and so ceased to be an exclusive 
title for a particular brand. It was an admir- 
able term to choose, because its final syllable 
“ ol ” was already in use as a distinguishing 
mark implying the commercial article. “ Benzol,” 
for example, is the commercial spirit of the 
benzene series ; nothing, therefore, could have 
been more fitting than to call the corresponding 
commercial product of petroleum by the simple 
word ” petrol.” 

Petroleum as it comes from most wells has for 
its principal constituent the paraffin series of 
hydrocarbons, which range from gases to solids. 
A table showing some of the members of the series is 
given on the preceding page, and the place occupied 
by ” petrol ” is indicated. The gaseous members 
serve to force the natural oil to the surface of the 
earth, and the various commercial groups are 
obtained from the crude mixture by distillation. 

The increase in the demand for ” petrol ” has 
been so much more rapid than the rate ^ at 
which the commercial demand for other petroleum 
products has increased, that a virtual famine has 
occurred in the very light spirit. 
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Obviously, it does not pay to min6 petroleum 
for the sake of “ pefrol ” alone ; indeed it is quite 
essential that all the other “ fractions ” should 
find a commercial outlet if “ petrol " is to be sold 
at a reasonable price. In order to adjust the 
supply to meet the demand, oil producers now 
distil - fractions of heavier densities and higher 
boiling points into the “ petrol,” which formerly 
Were excluded. The specific gravity of commercial 
“ petrol ” has thus steadily increased of late years. 

Bi\ZOL 

petrol (BtM* \e ] 

(wtXANt^ H - C ^ 

H H M H H H 
I I I t t I I 

H-C^C-C-C-C-C-H ^ 1 

iiiiTi H~C C-h 

hhhhhN 

I 

H 

Stereo formulae for hexane, one of the principal con- 

stituents of “petrol,” and benzene, one of the principal 

t constituents of “ benzol.” Petrol and benzol are entirely different 

substances, as differeift as^the mere appearance of these formulai, 
which graphically represent the carbon and hydrogen atoms in 
their molecules. It is, theI^efore, important not to confuse them 
Benzol is a by-product that can be recovered when coal is distilled 
at high temperatures (1200“ CL) for the manufacture of illuminating 
ga.s or the special coke that is used for metal melting^ When coal 
IS distilled at low temperatures (453'^ C.), the tar contains hydro- 
'carbons of the paraffin sA’ies, which, therefore, yield peUpl. 

It is interesting to ‘remark, however, that 
Messrs. Carless, Capel and Leonard still supply 
a doubly distilled spirit of standard sp. gr. = 
0-700 for those who require, for testing purposes 
or otherwise, a petrol of guaranteed value. 

In the ordinary course of events, the petrol of 
commerce that, is supplied from the oil wells 
must continue to get heavier as time goes on, for 
the output ofiahy specific grade of spirit that is 
recoverable by any simple process ^of distillation 
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is strictly hmited to the natural contents of the 
crude material. ■ 

It has been explained that tlie" crude oil as it 
comes from the eartli contains a range of light 
hydrocarbons that collectively are called “ petrol ” 
on the English market. They are separated from 
the crude petroleum by distillation— that is to say, 
they are evaporated and recondensed. By any- 
straightforward process of distillation it is im- 
possible to increase the amount of petrol beyond 
the quantity originally contained in the crude oil. 
This quantity varies widely in different localities, 
being in the order of lo per cent for the oilfields 
that produce the Shell spirit as it has hitherto 
been supplied. 

An experiment of great interest and importance, 
made in 1871 by Thorpe and Young, resulted in 
the discovery that the repeated redistillation of a 
heavy hydrocarbon under a temperature in excess 
of its boiling point, and under a pressure greater 
than atmospheric, resulted in its conversion into 
lighter fractions. Paraffin wax was, in fact, by this 
means converted into spirit. In the experiment, 
it was distilled and redistilled from one end to the 
other of a bent, sealed tube, which afforded a 
simple means of obtaining the requisite tempera- 
ture and pressure. The term “ cracking ” is 
applied to this operation in order to distinguish 
it from ordinary distillation. 

’ The story is also told of the independent dis- 
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CO very in America of the saitie effect; which was 
noticed as occurrirtg on an occasion when the 
process of distillation was ' proceeding so slowly 
that the lighter fractions were allowed to condense 
oh the roof of the still and to fall back into the hot 
oil, which had a temperature in excess of the 
boiling point of these lighter fractions them- 
selves. It was found that the quantity of spirit 
so produced from a given quantity of crude oil 
was somewhat increased by allowing this cracking 
action to take place. 

More recent developments, which are still'in an 
experimental stage, have drawn, attention to 
possible advantages from a process that cannot 
adequately be described as ordinary “ cracking.” 
^ This process, briefly, consists in feeding oil and 
water simuitaneodsly into a heated retort that 
contains a suitable catalyst such as nickel or iron, 
fhe retort is* maintained at a temperature in the 
order of 600° C., and in some proCfesses is also 
under high pressure, but the high pressure is clearly 
a disadvantage in any apparatus that is simul- 
taneously subjected to great heat. 

The catMyst, which, in one process with , which 
I am acquainted,^ consists of iron turnings, while 
another apparatus uses nickel rods, has the effect 
oi ^'•accelerating, the conversion of the heavy oil 
into lighter fractions, but is, in itself, unaifected 
‘by the chang*. I^recisely what happens inside the 
retort is not clearly known, although theories on 
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the subject are not lacking. The nature of the 
process suggests a synthetic action; and for this 
reason I have generally called ihotor spirit thus 
produced “ synthetic petrol.” For the moment, 
however, it is more important to know whether 
such a process is or is not of such a character as 
may be commercially useful. 

That it is of great interest is apparent on the 
face of it, and that it is of potential importance is 
equally self-evident, but it has not yet been 
developed to a point at which it is possible to 
say mbre than that the broad principle is one of 
promise. By this I do not mean to say that any 
such process is capable of effecting an immediate 
reduction in the price of petrol. It would, how- 
ever, be of the utmost utility to have satisfactory 
means of increasing the proportion of petrol avail- 
able from crude petroleum, because the demand 
for the lighter hydrocarbons would probably 
make it worth while to work such a process, pro- 
vided it could be operated at a reasonable figure. 

The estimated cost of producing “petrol” from 
fuel oil, for example, is, I understand, in the order 
of i^d. to 2d. a gallon, but everything naturally 
depends on the market value of the residue. 

The consumption of petrol in -England during 
the past eight years has more than quadrupled. 
Tn 1905 the consumption was 18 million gallons, 
last year it was 80 millions. The intervening 
annual amounts were as follows : 25, 34, 40, 
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53 > ^ 5 . and 70 milUcms. From 1911 to 1912 
the increase was to million gallons. If the in- 
crease continues at this .rate it is self-evident that 
the competition for supplies must inevitably 
become so acute as to make the price prohibitive 
unless new sources of petrol are developed with 
corr^'sponding rapidity. 

Professor Vivian Lewes, who has for several 
yeats voiced a warning of the danger of a shortage 
in the liquid fuel supply, said in his Cantor Lec- 
tures of 1913 : “ f doubt personally if in fifty 
years’ time it [oil] will be obtainable at a price 
that will enable us to use it commercially.” 

According to the same authority, the world’s 
output of petroleum is now nearing 50 million 
tons per annum, which is made up as follows : — 


^ United States . 63 -QO^^per cent i Mexico . , . . i 02“ per cent 

Russia .. 21*48 ,, j Japan .. .. *59 ,, 

Galicia. . . . 3-87 ,, Peru . . . . 40 ,, 

Butch E. Indies^ 3*37 ,, | Germany^ .. *32 ,, 

Roumania .. 2*97 | Canada .. -lo ,, 

India .. .. 1*87' ,, : Other sources^ .. *02 ,, 

Corresponding figured given in the Petroleum 


Review for 25 January, 1913, are as follows ; — 


United States . . 
Russia 
Roumania 
Galicia. . 

Netherlands India 
British India . . 
Mexico , 

Other countries 


1912. 

220,000,000 barrels 

63.000. 000 ,, 

12,500,000 ,, "* 

8,000,000 

13.000. 000 

7,500,000 

16.000. 000 

10.000. 000 


1911. 

220,400,000 barrels 

62,000,000 

10.800.000 ,, 

9.000. 000 

11.600.000 ,, 

7.206.000 

9.500.000 ,, 

7.000. 000 


% 

(N.B, 


350,000,000 
— 7 barrels = i ton appjrox.) 


Totals 
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A study of such a table conveys littie.or nothing 
io the English motorist, however, for It in no sense 
indicates the relative iihportance oJ thes6 different 
sources sc far as his supply of petrol is concerned. 
Thus, of the above total, about million tons of 
petroleum products of all sorts reached the 
United Kingdom from the following sources : — 

United States 980,000 tons ' Russia . . . . 120, 000^ tons 

Dutch E. Indies 160,000 ,, ; Other countries 96,000 ,, 
Roumania . . 144,000 

Now compare this table with the following 
particulars of the sources of England’s supply of 
petrol, which I also quote from Professor Lewes’s 
Cantor Lecture : — 

Dutch E, Indies 40 million gals., Russia . . 5 million gals. 

America . . 16 .. ' Roumania . . 4 

Holland ..6 .. i Other countries 9 

Holland, Russia, and Roumania, it will be 
observed, lie oii the Eastern route, and most of the 
spirit that they contribute may for present pur- 
poses be regarded as “ Shell,” for the transport is 
mainly in the hands of this company. Carburine 
and Movril, for example, come from the East ; 
Mex, however, is a product of Mexico, but the 
transport facilities from that country are as yet 
comparatively undeveloped. 

In the future, it is certain that the products of 
the Mexican fields will greatly influence the 
world’s markets ; so likewise may those of Trini- 
dad. When the Panama Canal is opened the 
14 
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Californian fields will presumably find ati, outlet 
b5^ water that should materially affect their 
contribution to the European supplies. The 
relative importance of these fields lies, of course, 
-primarily in the fact that they are already known 
and have already interested the capitalist* but 
theij basic significance as new sources of liquid 
fuel rests, it is evident from what has already 
been said, on the rate at which the demand for 
pe,trol is outstepping the supply. 

Owing to expanding internal consumption, 
America's export trade in mineral oil decreased 
in 1912 by about 21 million gallons, but the value 
of this business nevertheless showed an increase 
of ^^3,000,000. In' the first eleven months of 1912, 
America imported 251,706,824 gallons of crude oil 
as compared with about 48I- million gallons in the 
corresponding period of 1911. 

’ England *is not the only country that neMs 
liquid fuel, and eVen were it produced inside the 
kingdom, British gold would still be the only 
magnet of any consequence that would attract 
the petrol fractions into the British motorist’s 
tank, for a profit is about the only consideration 
for which commerce shows any marked preference. 

In the foregoing summary of the position it is 
apparent that it is very necessary to keep the 
mind^ clear as to the supply and demand fhr crude 
oil and forjp^trol. The world’s supply of crude 
oil, as such, is unquestionably capable of expan- 
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sion beyond present needs, but it does not neces- 
sarily follow that the natural petroleum products 
will afford the increase in the supply’ of petrol 
that is quite clearly needed to meet the present 
growth in the demand. For this reason, any 
commercially satisfactory process for the synthesis 
of spirit from oil that ordinarily provides a poor 
yield ought to have a field of great utilit3^ 

Those interested in studying in greater detail 
the chemistry of synthetic petrol, may with 
advantage refer back to the experiments of P. 
Sabatier and J. B. Senderens conducted some ten 
years ago. Convenient abstracts of their work 
may be found in the journals of either the Chemi- 
cal Society or the Society of Chemical Industry, 
which between them cover the greater part of the 
field of chemical research. One such that it may 
be of interest to quote in full appears in volume xxi. 
P- 853, of the Journal of the Society of Chemical 
Industry for 1902. It is a contribution by the 
above-mentioned authors to the theory of the 
formation of natural petroleum, and relates, as 
will be seen, to the synthesis of varieties of hydro- 
carbons. 

“ The liquid obtained along with ethane, when 
hydrogen and acetylene are passed over reduced 
nickel below 180° C., consists almost entirely of 
paraffin hydrocarbons ; and in density, boiling 
points, and other physical characters, it resembles 
very closely American petroleum. Pure acetylene, 
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passed over reduced nickel; has been shown by 
Moissan and MoUreu to become incandescent, 
and to yield carbon, hydrogen, and benzene 
hydrocarbons. If a long column of nickel be used, 
the farther portions cause the reaction of the 
hydrogen on the benzene hydrocarbons ; and if 
the liquid products of this reaction be vaporized, 
and 'passed together with hydrogen over reduced 
nickel at i8o° C., a mixture of paraffin and 
derivatives of cyclohexane constitutes the liquid 
portion of the product, similar to Caucasian petro- 
leum. If the second passage over nickel be carried 
out with the metal above 300" C., the cyclohexane 
derivatives are in part decomposed, and the liquid 
product resembles Galician petroleum. 

“The author considers that natural petroleum 
may have been formed from hydrogen and acety- 
r lene, produced by the reaction of alkali or alkali- 
earth metals and carbides on water, meeting with 
metallic nickel, cobalt, or iron, and producing, 
according to their proportions, dnd to the tem- 
perature of the reaction, paraffins alone, or mix- 
tures of paraffins and cyclic hydrocarbons, as in 
the above experiments.” 

Acetylene being itself a hydrocarbon of the 
form C2H2, while the paraffins as a series corre- 
spond to the ratio C„H2n + 2, thfe synthesis of the 
lattef from the former by the use of hydrogen in 
thfe presence of a metallic catalyst is apparently 
of the- same geperal character as the synthesis of 
petrol. > 

In any case, it is evident that Sabatier was led 
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in due c^uVse to inyestigsite this aspect of the 
problem, for we find him taking out; a French 
patent, No, 400,141, on 21 May, 1908, relating to 
a process for transforming crude petroleum into 
spirit. It is thus dfscribed in the Journal of the 
Society of Chemical Industry, p. 974, vol. xxyiii,, 
1909 

“ The oil is vaporized and passed over finely 
divided metals heated to between 400° C. and a 
dull red heat. It is converted partly into gas and 
partly into low boiling, unsaturated, oxidizable 
bodies of unpleasant odour. The latter are passed 
along with hydrogen or gases rich in hydrogen 
over finely divided metal, preferably nickel, 
heated to between 150° C. and 300° C., in order 
to obtain products not having an unpleasant 
odour. The two stages may be combined so as 
to form a continuous process.” 

In his Cantor Lectures of 1886, Sir Boverton 
Redwood made the following remarks on the 
subject of cracking : — 

” The yield of burning oil from a crude petro- 
leum of given quality has been largely increased 
during recent years. This has been accom- 
plished by the adoption of the process known as 
‘ cracking.' We have seen that the crude petro- 
leum produced in the States of Pennsylvania and 
New York consists principally of the hydrocarbons 
known to chemists as paraffins. The researches 
of Thorpe and Young have demonstrated that 
paraffins (C„H,„+ a), when heated to temperatures 
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above their boiling points, e converted into ole- 
fines (CnH,„), carboli being deposited, and gaseous 
products evolved. It is this operation of dissocia- 
tion which is called ‘ cracking,’ and its employment 
tnables the refiner to break up the hydrocarbons 
which are too heavy to be burned in ordinary 
lamps, and too fluid for use as lubricants, and 
convert them into hydrocarbons which may be 
allowed to pass into the burning oil distillate with- 
out unduly increasing its density. The process 
of ‘cracking is carried out by conducting the 
operation of distilling the burning oil so slowly 
that the less volatile hydrocarbons become con- 
densed on the upper part of the still, and fall back 
into the heated oil, where they are heated to 
temperatures above their boiling points, and 
become ‘ cracked.’ A far larger yield of burning 
' oil is thus obtained. The gaseous^ products are 
conducted into the still furnace, and serve as fuel. 
, . , I have pointed out that when paraffins are 
heated to tehiperatures above their boiling points, 
dissociation occurs and olefines are produced, 

4 

C 20 H 42 ~ CsHig +C]5H3 o=C7Hu+Ci 3H26> CtC. 

At a very high temperature, hydrocarbons con- 
taining still less, hydrogen are produced. This 
well-known fact has been taken, advant^ige of by 
Mr. Nobel to mafiufacture from Russian petroleum 
residue, or astatki, benzene, naphthalene, and 
anthracine. The process employed consists in 
breaking up th^ astatki on the highly heated floor 
of a cupola ^regenerating furnace. The first dis- 
tillation thus effected is stated to ^ield from 30 to 
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40 per cent of tar, containing from 1-75 to 17 per 
cent of 50 per cent Wnzol. . . 

•i ' > . 

In the history of petroleum refining, and par- 
ticularly in connection with the early days of tte 
Scotch shale oil industr>% which preceded the 
development of the American fields, various 
patents were taken out for the admission of water 
or steam with the oil, and the use of scrap iron 
or the like in the retorts. The afore-mentioned 
references and brief notes should form some 
guide to those who may at this point be desirous 
of “looking up” a subject somewhat outside the 
ordinary scope of their motoring interest. 

There are two distinct schools of thought 
concerning the causes that have produced the 
great subterranean petroleum reserves, one be- 
lieving them to have been generated by chemical 
reactions, while the other considers that they have 
been formed, after the manner of coal beds, by 
the slow decomposition of vegetable matter. 

Although there is no proof one way or the other, 
the question is one of wide, general interest, and 
appeals with some directness to motorists. There 
is, however, not even this excuse needed for the 
publication of so fascinating an account of the 
pros and cons of the situation as was given by 
Professor Vivian Lewes in his 1913 Cantor 
Lectures at the Royal Society of Arts : — 

“ The origin of petroleum is purely a matter of 
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siirmise, and many theories ’ have been adduced,^ 
from time to time "to account for its formation. 
There is no doubt, as I pointed out long ago, that 
tjie primary rocks which form the basis of the 
' \^orld contain practically little or no carbon, and 
consist of fused and crystalline masses of silicates 
and other compounds produced at very high 
temperatures, and that where bitumen and hydro- 
carbons are found in lava and contained in pockets 
in out-crops of igneous rocks, it has got there 
by the disturbance qf carboniferous strata by the 
molten rock. It is a fair inference that the car- 
bon which we now find present in the large class 
of sedimentary carbonates in the earth, and the 
carbon in coal, oil, and other carbonaceous 
material, have been derived from the carbon 
dioxide originally present in the prehistoric atmo- 
.ephere. Everything, therefore, points to the 
early atmosphere of the world consisting of a 
mixture of nitrogen, carbon dioxide, and some 
oxygen, but rt is clpar that, even Supposing that 
the ra'tio of nitrogen to oxygen was not greatly 
different to that existing* in the atmosphere of the 
present day, it must have been so diluted with 
the excess of carbon dioxide that, instead of there 
being 2. 09, per cent by volume of oxygen, there 
was probably only a fraction of this quantity, and 
under these conditions decay, as* we now under- 
stand the term, would have been almost unknown, 
anchwould have been much more akin to fermenta- 
tion. 

• “ In a pre^oiis course of Cantor Lectures on 
the ‘ Carbonization of Coal,’ I pointed out that this 
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was the only really satisfactory explanation of the 
vast accumulations c/ vegetable matter needed to 
give the thicker seams of the coal’ formation, and 
that these actions, taking place during the car- 
boniferous and tertiary periods, gradually ab- 
sorbed the excess of carbon dioxide from the air 
and replaced it with ox 5 ^gen, the factor of change 
being the growth of vegetation under the influence 
of the sun’s rays. There is not the least doubt but 
that it was during this same period of geological 
time, commencing perhaps even slightly earlier, 
and reaching its zenith in the tertiary age, that 
the formation of oil took place, or, at any rate, 
that the deposits of material accumulated which 
afterwards, under conditions of pressure and 
terrestrial heat, gave oil as one of the products of 
their decomposition. 

“ The theory of the formation of oil which has 
been the one most favoured by the theoretical 
chemist has been that the oil is the product of the 
action of steam at high temperatures on metallic 
carbides, taking place probably at great depths, 
and that the hydrocarbon gases and oil have then 
found their way into and collected in the strata 
in which the oil is now found. Such brilliant 
chemists as Bethelot, Mendeleeff, and Moissan 
have all given their allegiance to this theory, the 
latter chemist showing that the carbides of some 
of the rarer metals, when acted upon by water, 
yield hydrocarbons of much the same character 
as those found in the crude oil. 

“ The first factor, however, which seems to cast 
doubt upon any such theory is that there are no 
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signs of these vast deposits of carbides existing 
or ever having existed, whilst to the practical 
man who has any knowledge of the oilfields, the 
evidence that at once disposes of this theory 
is that one may find a porous stratum of lime- 
stone or sandstone which is oil bearing, 'wdiilst 
strata of identical character below it at a greater 
depth, and also above it, contain no trace of oil, 
so that it is evident that the oil has been formed 
in the strata in which it is found, and no theory 
which necessitates* its formation elsewhere and 
gradual infiltration into the strata is admissible. 

“ In the same way it has been suggested that 
petroleum has been produced by the heating of 
already formed deposits of shale, lignite or coal 
by the intrusion of igneous rocks, but in the oil- 
bearing measures themselves signs of such voh 
canic action are rarely to be found, and although 
one knows that such actions have given small 
quantities of oil in the coal seams, lignite, shale 
or even peaft deposits, it would be absurd to at- 
tempt to explain’ the vast volumes of oil formed 
in the large oilfields without being able at any 
rate to adduce proof of what has become of the 
residual carbon from the action, as although 
lignite and even bituminous coal are found in 
many fields, they have evidently not undergone 
any such process of distillation.' It may be taken 
as practically impossible that either of these 
theories can account for the production of the oil 
deposits. 

“ All the ♦vidence that can be collected goes to- 
prove that the oil is of organic, origin, and many 
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observers have ascribed it to the ^becked decom- 
position over long periods of animal remains from 
the low forms of fish life. There ale several points 
in favour of this, as undoubtedly brine and salt 
deposits are nearly always found in the oil- 
fields, and in most cases with the oil itself, whilst 
fossilized deposits all point to a marine origin, 
and the work of Engler and Hofer shows that oil 
can be produced from such forms of animal master. 

“ Practical considerations, however, make it 
perfectly clear that, even taking into account 
the differences between the atmospheric con- 
ditions then and now, which would affect not only 
terrestrial but marine growth, it is impossible to 
ascribe the origin of the vast quantities of petro- 
leum occurring in nature to any such source, al- 
though it is not onl}'' possible but extremely 
probable that some portions of certain oil supplies 
have been formed in this way. 

“ The strata which constitute the storage for 
the oil are of a sedimentary character, consisting 
as they do of porous sandstone and limestone, 
both of them substances which might well have 
been formed from marine drift and deposits, whilst 
the limestone is known to consist largely of de- 
posits either of substances like coral or the shells 
of myriads of minute forms of marine organisms, 
and I have always held the view that the real 
source from which the main bulk of oil has been 
derived was marine vegetation, which, under the 
conditions existing in those early days, probably 
grew in shallow seas in far greater quantities than 
are found at the present day. I am perfectly 
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well aware that some aiithorities of wide ex- 
perience are opposed to this view and hold it up 
to scorn, but all I have seen' points to this being the 
real source to which we must look as the original 
matter from which the chief bulk of oil was formed. 

“ The utilization of seaweed for the production 
of v,arious commercial commodities, as has been 
pointed out, led to a good deal of work being done 
upop it during the last century, and researches 
made by Mr. E. C. Stanford showed that when 
any kind of seaweed was submitted to destructive 
distillation at a low red heat, large volumes of 
gas were evolved and an oily tar was produced, 
which on redistillation yielded paraffin oil (as 
he termed it) in considerable quantities ; from 
a ton of weed of the genus fucus, which is the 
most common marine growth, it is possible to 
obtain 6'7 gallons of oil, and this particular kind 
of weed contains the least iodine and the largest 
proportion of sulphates in its ash. The following 
Table gives the figjires for this wfeed : — 


Water 

Organic matter 
Ash, soluble 
^‘sh, insoluble . . 

1 00-00 

On dry weed — — 

Organic matter . 80-358 
Ash^ soluble . . . . 1 4 *079 

Ash, insoluble , . . 5 563 


Composition of soluble ash— 
Sulphuric acid .. 4*165 

Alkalies as chlorides 1 1 -400 
Iodine . . . . -00985 

Per ton T)f dry weed — 

Volatile oil .. 354*5025 

Naphtha . . 220*8 ,, 

Paraffin oil .. 515 -4 ,, 


Fiicus vestculosus (Bladder- wrack). 
171 -00 
23-28 
4-10 
j -62 


* 100*000 

“Jn distilling the weed a dull red heat was 
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employed, and in consequence some compounds 
were formed having the same- characteristics as 
those evolved from coal ; but when distiliing coal, 
the lower the temperature the more paraffinoid 
becomes the nature of the tasr, and when the 
lowest possible temperature is used paraffins and 
naphthenes of the kind found in crude petroleum 
are always present in considerable quantity, so 
that with a distillation such as has taken place in 
nature, in which the material has been subjected 
to a comparatively low temperature for an 
enormous period of time, one would expect that 
the character of the distillate would resemble very 
much that of crude oil. 

“It is interesting to note also that peat, when 
subjected to destructive distillation under the 
same conditions of temperature as the marine 
weed, yields an oily tar, from which by redistilla- 
tion and purification oil of the same character can 
be obtained, and also solid paraffin, but the 
quantity of the oil is rarely one-half that obtained 
from the weed. 

“ It cannot be insisted upon too strongly that 
in the great natural processes of carbonization 
which have converted vegetable growths into coal 
and oil respectively, there have been countless 
ages of time and moderate temperatures taking 
the place of short periods of high temperature, 
and from everything w'e know of the nature of 
the changes induced in carbohydrates and hydro- 
carbons by heat, we should have expected the 
results that are found. 

“ The broad question that remains is, Why in 
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the one case should bodies of much the same 

character be converted into the solid conglomerate 
which we call coal, and under other conditions 
differing but little, be converted into the mixture 
of liquids which we know as oil ? 

“As before pointed out, structure has probably 
a great deal to do with this, but it must also be 
remembered that in marine silt the weed will be 
intermixed with sand or shell, and the mass action 
of a* huge and uniform bulk of fermenting matter 
will be checked by subdivision, and the actions 
rendered slower than with terrestrial vegetation ; 
whilst probably the most important cause of all 
is that in the land growths the extractive matter 
was of a highly resinous character, and in an 
atmosphere of low oxygen content protected the 
cellulose bodies, and led to the formation of solid 
products of degradations, and finally to carbon, 
these residues be'ing luted together^ by the resin, 
and such hydrocarbons as are formed into coal. 

* “ With seaweed, resins are absent, and the 
extractive matter. consists of jelty-like bodies which 
offered no impediment to fermentation, and the 
action slowly proceeded until the whole mass was 
converted into gases and liquids.” 

It is difficult, of course, to say anything definite 
as to the question of the cost ^of producing and 
delivering petrol to the motorist, for with the 
exception of fhe 3d. tax and the 2d. commission 
to the. agents, there is no charge that cannot be 
doubled or q^irfiinated by a little genius in book- 
keeping. 
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Thus, freight to-day, 1913, stands at a figure 
in the order of 3|d. p6r gallon, and distribution is 
charged at 4id. per gallon, which gives the follow- 
ing cost to the consumer if he is given the petrol 
itself for nothing 


Overseas freight 
Inland distribution 
Government tax 
Agent’s profit . . 


s. d, 

o 3 J per gallon; 
O a\ 
o 3 
02 


I 


That is to say, we have a charge of is. id. a 
gallon and still no petrol. It is, of course, all 
very well to say that freight was once i|d., and 
that the 4-|d. distribution probably includes a 
halfpenny for advertising. But any enterprising 
individual who tries to bring petrol from abroad 
in the same quantities, and to distribute it with 
the same thoroiighness as is now needed to enable 
the motorist to replenish his tank in any remote 
district of England, Ireland, or Scotland, will be 
likely to find it difficult to effect much economy 
in the existing transaction. 

In any case, motorists have demanded the con- 
venience of being able to replenish their tanks in 
odd placfes, and have called into existence a vast 
vested interest in 2-gallon cans, and a complicated 
machinery of distribution, which is not lightly to 
be dismissed. It would, doubtless, be all the same 
to the distributors if they supplied benzol or 
alcohol instead of petrol, but the motorist is very 
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likely, in the long run, to have to pay. as much for 
the convenience of being al^le to obtain it any- 
where as he does now. 

Those who have studied the report of the 
, R.A.C. Petrol Committee will have realized' that 
the supply companies do not encourage delivery 
in bulk as a means of reducing distribution 
charges, and individuals who can now “ run 
round the corner ” for their private supply of 
benzol should realize that they are in a privileged 
position by which they do well to profit while 
they may. 

Benzol, as will be seen from the table of hydro- 
carbons of interest to the motorist, belongs to, 
quite a different series from petrol. It is a spirit, 
and it is suitable for use in motor-cars, but it is a 
product of the destructive distillation of coal, and 
is not directly mined from the earth like petrol. 

' It is essentially a by-product <; that is to say, 
real' benzol is a spirit that is only produced where 
coal is distilled £^t high temperatures, such as 
are only employed for the primary purpose, of 
manufacturing illuminating gas or metallurgical 
coke. If coal were distilled for the primary pur- 
pose of obtaining spirit, a lower temperature 
would be preferable on account of the greater 
yield. But, in this case, the oil produced is by 
nature a paraffin and not a benzene, hnd the 
spirit is, tlj^eibfore, analogous to petrol and not 
to benzol. 
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It is mainly on the metallurgical cok^ ovens that 
motorists would hai;’e*to rely for a shpply of true 
henzol for use as another spirit’ in substitution for 
natural petrol. Many of these ovens, however, 
are not at present fitted with apparatus for the 
recovery of benzol from their tar residue, and 
opinions differ as to the magnitude of the supply 
of benzol that might be expected to be available- 
in England Were the inducement for its supply to 
motorists sufficient to bring it on to the market 
as a serious petrol substitute. From the second 
report of the R.A.C. Petrol Committee it would 
appear that lo million gallons per annum might 
be so available from the recovery plants now in 
operation, and that about 30 million gallons might 
be recovered if all the coal now handled were 
treated in suitable apparatus. 

An increase beyond this point would not 
primarily be governed by the demand for benzol 
as. a motor spirit, except at an exaggerated price, 
since, even from the chief of its present sources, 
the spirit is only a by-product in the manufacture 
of metallurgical coke. 

The market price of benzol has fluctuated 
enormously. In 1909 it touched sJd. per gallon, 
and it has been as high as is. id. in casks at the 
makers’. 

Used as a motor spirit, it is legally subject to 
the Government tax, which would, of course, be 

collected if the supply of benzol to motorists were 
15 
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organized on a scale sufficient to make the cost 
of tax collection worth while. Thus, with the tax 
and the agent’s ffie, and the expenses of distribu- 
tion on the same basis as petrol — viz. 3d. + 2d. 4- 
4jd. =9|d. per gallon — the price is not likely to 
be much below the present price of petrol jf the 
manufacturer is to receive any sum tljat is, likely 
to stimulate the installation of recovery ovens on 
a large scale. 

Regarded as a fuel, benzol has the advantage 
of a superior thermal value when compared with 
petrol. In a Memorandum to the Petrol Com- 
mittee by Mr. H. A. Morfey and Mr. J. E. Mitchell 
occurs the following interesting summary of the 
relative values : — 

“.With reference to the increase in mileagq 
obtained by th^ use of benzol, it^ is only to be 
expected. The whple question is one of calorific 
power per pound of fuel. Assuming petrol to 
have a calotific value of 19,500 B^T.U. per lb., and 
90’s benzol to have a calorific value of 20,000 B.T.U. 
per lb., and taking.pettrol at 7^ lbs. per gallon and 
benzol at 8-8 lbs. per gallon, this gives benzol an 
advantage of 20 per cent in calorific value over 
■petrol pej gallon, hence the increased mileage. 

“ Foul exhaust, valve sooting, carbon deposit 
in cylindei's ; all these can be attributed to in- 
complete combustion. This is usually attributed 
td lack of air, hence the general advicq to use 
more ^ir with benzol than with petrol. Theoreti- 
cally, however, .benzol should not take more air 
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for combustion than petrol, and I attribute this 
call for extra air to b'enzol being delivered to the 
carburettor in nothing like so true a gaseous form 
as petrol. I am inclined to think, knowing how 
easily benzol vapour condenses, that serious con- 
densation and assumption of the liquid state 
occurs in the induction-pipe in the case of benzol. 
It is, of course, at once apparent that if this is so 
the resulting explosion from such a charge can 
never ensure complete combustion, and in such 
case sooting, carbon deposit, foul exhaust, and 
actual waste of calorific value will ensue. The 
remedy for this, as we have found on stationary 
internal-combustion engines, is to have the car- 
burettor as near the cylinders as possible. In the 
case of motor engines, I should suggest in addition 
to the shortest induction-pipe possible that this 
pipe be jacketed and warmed either by surround- 
ing with warm water from the cylinder jackets or 
by by-passing a portion of the exhaust round it. 
In any case I have little doubt that sooting 
troubles and the like are entirely caused by the 
charge delivered to the cylinders being of a non- 
homogeneous character.” 

One of the most interesting distinctions between 
benzol and petrol may be illustrated by a com- 
parison of their distillation curves as shown in 
the accompanying diagram. Petrol ordinarily 
commences to distil at or about 45° C. ; 25 per cent 
of it is gasified at a temperature of 80° C. ; 60 
per cent or so passes over at 100° C. ; and 90 
per cent at 130° C. All the liquid must have been 
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distilled to diyness below 150° C., if the petrol in 
question is to be properly regarded as a benzine. 

• Benzol, on the other hand, commences to distil 
only when the temperature is 80° C., and it is this 
lack of more volatile fractions that causes it to be 
liable to give trouble when engines are started 
from the cold. Compared with petrol.it is,. how- 
ever, a strikingly homogeneous spirit ; the dis- 



Chart illustrating a c6mparison of typical distillation curves for 
benzol and petrol. It will be observed that the higher fractions in 
the petrol begin to vapori/e at a much lower temperature than 
benzol, «hich facilitates starting in cold weatftier, but that the 
benzol is, as a whole^ a more homogeneous liquid, the greater part 
of it vaporizing at the same temperature. 


tillation curve rises almost vertically, 85 per cent 
of the liquid distilling over at 90° C., while the 
.entire quantity is gasified under 120° C. 

Although the- metallurgical coke ovens are 
commonly regarded as the main source of any 
possible large supply of benzol, it has been sug- 
g^ted, notably by an American, Mr. Doherty, 
that town gas might be “ stripped ” of its benzol 
for this purpose. Mr. Doherty, while on a visit 
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to England, was inyited by Lord Montagu of 
Beaulieu to explain his views. on the subject to a 
number of motorists assembled b) meet him. 

His proposition is one that, ii it came to a 
head, would involve legislative action, for the 
benzol in town gas is an important constituent , of 
its illuminating power, which at present has to 
be maintained at a certain standard that has been 
set by Act of Parliament. In order to attain this 
standard, a considerable quantity of the gas pro- 
duced in this country has to be enriched by oil 
products. 

It is apparent, therefore, that any serious pro- 
posal to take away the benzol naturally present 
in the gas would involve much discussion and no 
little opposition, particular^ as the public is 
apt to have a deep-rooted suspicion of the bona 
fides of powerful corporations like the gas com- 
panies. Mr. Doherty himself is interested in gas 
companies in America, and his broaching of the 
subject before an English audience may be re- 
garded as an item in an educational campaign. 

The discussion in question was, however, al- 
together too nebulous to be really convincing one 
way or the other, but taken as the germ of an idea, 
which is how Lord Montagu referred to it, it cer- 
tainly served the purpose of drawing interesting 
comment from some of those present, whose pro- 
fessions were more directly associated with the 
*gas industry. 
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One of the most inteitesf^ng of these remarks 
was to the effect that Manchester stands in the 
finique position of being able to do as it pleases 
in the matter of the quality of the gas that it 
supplies to its consumers. Manchester, it appears, 
has done its utmost to induce the poorer districts 
to make better use of their gas by employing 
incandescent burnei's, but, notwithstanding its 
efforts, 20 per cent of the gas supply is still con- 
sumed in flat-flnme burners. 

Mr. Doherty had estimated that not more 
than 5 per cent of the gas produced anywhere 
was consumed in this way, and had, therefore, 
argued that his proposal to strip the gas of benzol 
was virtually prevented from being realized in 
practice by the opposition or ignorance of this 
small minority. , , ^ 

Another interesting thing that came to light 
•about Manchester was that so|ne considerable 
time' ago the Manchester Gas Company was called 
upon to supply gas to ^ firm that had established 
itself for the purpo'se of stripping it of benzol, in 
order that it might sell that spirit at los. per gallon 
to the aniline dye industry. At los. a gallon they 
doubtless made a handsome profit on the operation 
without worrying very much about other by- 
products, but the significant point in the episode 
was that the works closed down when the price 
of benzol be^aB. to fall below half a crown a gallon. 

It was assunled by Mr. Doherty, and some 
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other speakers, that there could be no question 
as to the possibility of making a prpfit from the 
process of scrubbing town gas for the supply of 
benzol to motorists. It was not so apparent, 
however, that everyone in the room was in accord 
with this point of view. Mr. Butterfield put the 
matter this way. He assumed that removing the 
benzol would take away, perhaps, 7 per cent of 
the calorific value of the gas, and that it would, 
therefore, be necessary to supply the consumer 
with 7 per cent more gas at the same price. 

A ton of coal yields, say, 10,000 cubic feet of 
gas at a works cost of, say, lod. per 1000 cubic feet. 
It would be required, therefore, to supply 700 
cubic feet extra with every 10,000 cubic feet, 
which would cost the works 7d. From the ton 
of coal or the 10,000 cubic feet of gas it would be 
possible to recover from 2 to 2i gallons of benzol, 
and the cost of stripping the gas would have to be 
added to the cost of pumping the additional 7 
per cent to the consumer. Mr. Butterfield esti- 
mated these charges as being roughly in the order 
of one shilling per ton of coal carbonized. 

If the benzol recovered were two gallons only, 
the cost would be 6d. per gallon to the producer. 
It would, of course, be subject to a tax, like petrol, 
if supplied systematically on a large scale, and the 
distribution charges would amount to the same 
as they do at present with petrol. The tax on 
petrol is 3d. per gallon, and the distributing 
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charges claimed by the distributors of Shell spirit 
amount to 4|d. a gallon. The price of benzol 
scrubbed from town gas would thus be in the order 
of IS. ijd. a gallon before the producers saw any 
profit. 

Figures of this character are largely a matter of 
book,-keeping, and that which must most impress 
the student of the petrol problem is the impossibility 
of grasping in one comprehensive view the multi- 
tude of subsidiary factors that have an ever- 
changing relative hnportance in the case. The 
branches that now spread from the petroleum tree 
are legion, and the ramifications of coal-tar pro- 
ducts are also exceedingly numerous. To concen- 
trate upon one particular item such as petrol or 
benzol, and to attempt to deduce quantitative 
# arguments from ^an arbitrary hypothesis, is to 
render oneself liable ,at the outset to make many 
jerious errors. 

Ev^ry motorist ‘wants to see motor spirit re- 
duced in price, but the condition that would be 
most likely to effect this is one that would cause 
the demand for petrol to become small as com- 
pared with the demand and the price realizable 
for other hydrocarbon products. If spirit could 
become a by-product in reality, something in fact 
that producers had to make and to get rid of in 
order to manufacture other more valuable com- 
modities, then 4t might conceivably go down in 
price. But io long as motor spirit forms a pre- 
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dominating centre of attention on its own account 
in the world’s fuel market, it ' is nbt^Iikely to be 
very cheap. 

Thus, so long as gas companies or metallurgical 
coke producers are urged to recover their benzol 
for the sake of the motorist, the willingness of their 
response is likely to be in direct measure to the 
magnitude of the price that the motorist is willing 
to pay for his fuel. On the other hand, were the 
gas stripped for other reasons, the motorist might 
very well come in for the benzol more or less 
at his own price. It was the opinion of some of 
those present that the metallurgical coke ovens, 
and not the gas plants, represented the proper 
place for benzol recovery. If it would pay anyone 
to recover, they said, it ought to pay the producers 
of metallurgical coke, and there still remain many 
ovens in England that are not run on the re- 
covery principle. It is, of course, true that there 
has been some prejudice, both in this country and 
in America, against metallurgical coke from re- 
covery ovens, but it has apparently been quite 
unfounded, and is now practically past. 

A great deal more benzol than is at present 
available could be produced in this country if all 
the coke ovens introduced recovery apparatus, 
but anyone who has read the reports of the Fuel 
Committee and of the Petrol Substitutes Com- 
mittee must have been somewhat struck by the 
lack of certainty on the part of some witnesses 
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as to the precise figure at which it pays to recover 
benzol, arid it is very possibly owing to the un- 
certainty on this point tliat many firms hesitate 
to commit themselves to the capital outlay. 

Reverting once more to the subject of stripping 
town gas, one speaker observed that the •argu- 
ments put forward by those who • advocated 
quantity as a substitute for quality were not 
altogether in accord with his own opinion. He 
considered, he ,said, that there was much evidence 
to show that gas 'below a certain- calorific value 
was disproportionately inferior, and that above 
a certain value a slight increase in its quality made 
a very great deal of difference in its illuminating 
power. 

Aspects of the case such as these are, of course, 
technical questions to be discussed by gas en- 
gineers, and if they collectively make out a good 
» case to warrant a lower standard for town gas, 
then they are, of course, the proi)er people to^ try 
to get a Bill through parliament to give effect to 
their views. 

Whether or no they get the support of official 
' motoring circles behind them in the matter must 
depend very largely on the assurance they are 
able to give that the benzol will be forthcoming 
under the conditions of revised legislation. It 
seems to me possible that if the gas standards 
were* chained, it would still not necessarily 
liberate the benzol, because gas companies might 
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find it more 'profitable to alter the grade of coal 
emplc^ed rather than to put, up^pivat for the 
purpose of artificially impoverishing their gas. 

Indeed, the broad problems of obtaining gas 
and spirit from coal appear to me to be in some 
respects fundamentally in different categories. If 
spirit is the main consideration, the greatest yields 
come from low-temperature distillation, and the 
product is preferable inasmuch as it appears to 
belong to the paraffin series. On the contrary, 
high-temperature distillation yields most gas, 
and so it is exceedingly difficult to say where gas 
companies might find it pay to dra>v' the line. 

The low-temperature distillation of coal for 
the primary production of motor spirit, together 
with a smokeless solid fuel from the residue, has 
also been brought somewhat prominently to the 
fore by a syndicate interested in the operation of 
what is called the Del Monte system. 

The Del Monte system is a process for the low- 
temperature (450° C.) distillation of coal (water is 
also admitted to the retorts), and it is important 
to recognize that in this respect it is fundamentally 
different from the high-temperature (1200° C.) 
processes employed in gasworks, and in the 
metallurgical coke ovens. It is fundamentally 
different, for two reasons — one being that the low 
temperature materially increases the quantity of 
tar obtained from a ton of oil, and, therefore, the 
quantity of spirit distilled from the tar, while the 
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other reason is that this ipifit is “ petrol,” and not 
” benzol.” 

Benzol, as has often ei'iough been shown, is a 
perfectly feasible motor spirit, but, on account of 
its odour and its higher initial boiling point, it can 
hardly be regarded as a preferable substitute for 
petrol. Moreover, the tar from which benzol is 
distilled is not susceptible, so far as is known, to 
” cracking,” and it does not, therefore, lend itself 
to increased yields of synthetic spirit by catalytic 
reaction. This latter treatment has been success- 
fully applied to the tar from the Del Monte retorts, 
and the fact may have an important bearing on 
its development. 

Although petrol and benzol are both hydro- 
carbon compounds, they are extremely different 
both in composition and in qualities^ It is a matter 
of consequence to avoid confusion between the 
* two at all times, but especially s^ when discussing 
the liquid products resulting from the destructive 
distillation of coal. .Wdien coal is distilled at 
comparatively low temperatures the volatile por- 
tions condense into liquid hydrocarbons that are 
'mainly of the paraffin series, to which the group 
known as ‘‘ petrol ” belongs. If the distillation of 
the coal is carried on at comparatively high 
temperatures, the paraffin vapours are apparently 
dissociated to form the entirely different' type of 
molecular structure that characterizes the benzenes 
constituting cortimercial ” benzol.” (See page 204.) 
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At the present time, the distillation of coal is . 
effected commercially on a large scale for two 
purposes — gas-making, 'and the manufacture of 
metallurgical coke. In the former Case, to obtain 
the greatest volume of gas from-a ton of coal is the 
main consideiation, household coke being a by- 
product ; in the latter case, the high-grade coke 
used in metal-melting furnaces and the like is the 
main issue, the gas being a by-product, from which 
it is possible to recover sulphate of ammonia and 
benzol from those plants that are equipped with 
suitable apparatus. In both cases, the tempera- 
ture at which the coal is distilled is such as to 
produce tar containing the benzene series, and so 
it is, perhaps, only natural that the lay mind should 
associate all coal distillation processes with benzol 
production. 

High temperatures are employed in the above 
operations, because they best suit the main 
purposes involved. Where the by-products are 
recovered, it is, therefore, inevitable that the 
portion suitable for motor spirit should be 
“ benzol ” and not petrol. By the same reasoning, 
benzol is essentially a by-product, and its supply 
is limited by the number of recovery ovens in 
operation. 

Anyone seeking to make motor spirit as one of 
the main commercial products of coal distillation 
would have every reason to avoid high tempera- 
tures, and in avoiding high temperatures there 
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would be no tendency to ^generate the benzenes. 
On the contrary ,_^the tar would naturally contain 
' oil of the paraffin series, arid its more volatile frac- 
tions would represent the commercial “ pettol ” 
of to-day. 

No one had, apparently, hitherto deemed it wise 
to .venture commercially on the production of 
pefrol from coal, for the reason that the low price 
of the imported spirit left so little margin for 
profit. In 1913, however, the situation has seemed 
sufficiently promising to the promoters of the Del 
Monte S5^stem to encourage them to take a decisive 
step in this direction. 

It must, of course, be borne in mind that the 
liquid fractions of the distillation of coal — which 
include ammoniacal liquor as well as petrol — do 
not represent the whole of the commercial issue. 
It would be impossible to make the process pay 
bn these jjroducts alone if ther^^ were no market 
for .the solid residue. By leaving from 8 to 10 per 
cent of volatile matte^ in the coke produced by the 
Del Monte process, it is anticipated that the 
system will yield a marketable smokeless fuel. 
Much depends, of course, on the commercial value 
of this commodity, as its ready aaid profitable sale 
necessarily affects the financial success of the 
undertaking and the price at which it is possible 
to sell the petrol. 

The question of quantities and costs is one* 
that it is almost impossible to analyse on 
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generalities. • To the lay mind coal is just coal — 
to those who have to deal with if dbiemically it 
presents an infinite variety of grades. 

The key to the situation, so far as future develop- 
ment on a large scale is concerned, lies in the 
sources of supply that are available. If the coal 
that now goes into the householder’s grate can be 
commercially handled for the production of petrol, 
and the householder will accept the smokeless 
substitute with a smile at the right price, then all 
sliould be well. 

Alcohol is a substitute for petrol that has been 
much advocated in different quarters on the 
grounds that its supply is limited only by the 
extent of the territory that is put under cultiva- 
tion. Industrial alcohol is a product of the 
fermentation of starchy vegetable matter, potatoes, 
beet, molasses, maize, grain, sawdust and peat 
being among the substances that have either been 
employed or suggested for its preparation. 

The grain is mashed, malted, fermented, dis- 
tilled and denatured : the last-named process being 
a legal necessity in order to render the spirit 
undrinkable. Briefly stated, damp, starchy grain 
germinates in a hot-house, producing diastase 
which converts the starch into malt sugar. The 
diastase in the malt similarly converts the “ mash ” 
into a sugar solution. Yeast sown in the malt 
sugar solution splits it up into alcohol and carbon 
dioxide. The alcohol is then separated from 
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the waste by distillattion ; the primary product 
“ eth^ alcohol ” being accompanied by secondary 
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products such as fusel 6il, ethers, acetic acid, 
aldehydes and furfural. Wood naphtha is the 
cornmon denaturant employed to render industrial 
alcohol unfit to drink. 

Xhe strongest argument in favour of alcohol as a 
petrol substitute is undoubtedly that which draws 
attention to the broad principle of its unlimited 
supply and the possibility of growing it at home. 
Alcohol, as produced, say, from maize, is a ready 
means of converting the sun’s energy, year by 
year, into a convenient form for man’s use, and 
on the assumption that the earth's contents of coal 
and petroleum are limited, the gfineral idea of 
encouraging the use of alcohol for industrial 
purposes presents itself for study as an economic 
question. 

• To England, which is so much isolated from her 
sources of liquid fuel supply, the problem might be 
supposed to appeal with great force, but no very 
satisfactory evidehce has yet been adduced to 
show that we could grow cheap alcohol within our 
own shores in sufficient quantities to satisfy the 
demand at a reasonable price. The climate does 
not suit the growing of grain on the necessary 
scale, and agricultural considerations render it 
very unlikely that potatoes would be grown for 
sale at a priep that would make^their conversion 
into jilcohol a commercial proposition. 
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If one obtained twpi^ gallons of alcohol:,froi1ft a 
ton of potatoes, the spirit wouldstill cost is. a'gallon 
if the farmer were pai'd only £i a ton for his 
potatoes and the conversion process cost nothing. 
If potatoes were worth growing at all in this 
country, or even in Ireland, they should surely be 
worth more than £i per ton, and, as we have seen, 
any spirit that is likely to cost is. per gallon at the- 
factory is most unlikel}^ to reach the motorist’s 
' petrol tank at much below the present price of 
petrol. 

The problem of introducing alcohol as a petrol 
substitute is in any case one that presents particu- 
lar difficulties in England owing to the legal 
position. Thus, the law demands that alcohol 
must be denatured, that is to say rendered un- 
drinkable, by a process that is not only com- 
paratively costly in respect to the materials 
employed, but is also expensive in the manner of 
its operation under Government supervision. The 
present price of methylated spirit is a sufficient 
indication of the nature of those charges. Pure 
alcohol is, of course, subjected to an enormous 
tax. Thus, even assuming the suitability of the 
material, it would still be unavailable for use un- 
less very radical changes of a legislative order were 
brought about. Until the fuel problem becomes 
more than ordinarily acute, therefore, it is not to 
be expected that any serious move will be made 
in the direction of cultivating industrial alcohol. 

i6 
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Industrial alcohol is cultivated ‘ in Germany 
under the encouragement of the German Govern- 
ment, in order that some of the population may 
be supported on great tracts of land that otherwise 
would be barren. Industrial alcohol is used for 
many purposes in Germany, and its use 'is en- 
couraged by the State, which enables it to be sold 
at less than cost price. It seems somewhat signifi- 
ficant, however, that among the purposes for 
which it is applied, the driving of motor-cars does 
riot figure pre-emfnently. 

Peat has often been suggested as a source of 
alcohol, and also for that matter as a source of 
synthetic petrol, but it is doubtful whether this 
substance could- be handled economically for 
either purpose. 

If alcohol were grown in tropical climates in the 
form of maize, or .were produced from the refuse 
of the lumber-yards in the great timber regions, it 
might be writtert down at an apparently enticing 
price per gallon, but then we are again in the 
unfortunate predicament of having to superimpose 
freight charges which, under similar circumstances, 
would not be less than at present obtain for 
petrol. 

In a paper read before the fnstitution of Auto- 
mobile Engineers, Dr. W. R. Ormandy has pointed 
out that althougli meth3dated spirits has a thermal 
value of only ji, 6 oo B.T.U. per pQund as compared ' 
with about*^ 20,000 B.T.U. per pound for petrol, the 
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quantity of 'air required to effect perfect com- 
bustion with alcoh(d is very much less than is 
necessary for either jjetrol or benJrol, and that, in 
consequence, a cylinder full of perfect mixture 
possesses approximately the same heat value for 
all of the three fuels named. 

Methylated spirits requires about ten times as 
much heat in the carburettor as petrol, and ujitil- 
the intake jacket is about 160° F. steady running 
of the engine is seldom obtained. 

Methylated spirits may be mixed with benzol. 



CHAPTER XIII 

THE CARBURETTOR 

A lthough petrol is a very volatile liquid, 
the problem of regulating its evaporation 
and mixirfg it with air for use in motor-car 
engines has taxed the ingenuity of many inventors. 
The process of mixing petrol vapour with air is 
called carburation, and the apparatus that accom- 
plishes this purpose on a car is the»carburettor. 

There are three main classes into which car- 
burettors may Ije divided. The first and simplest 
is the surface carburettor, in which the air is 
♦ drawn through the upper part o^ the petrol tank, 
where it automatical!}^ comes into contact with 
the surface of the pqtrol contained therein. In 
some cases the efficacy of this crude arrangement 
was increased by splashing the liquid by means of 
‘ revolving paddles, but in either form the simple 
surface carburettor is now to all intents and 
purposes obsolete. 

Another method of artificially increasing the 
surface is to' employ a wick, but the wick car- 
buretor properly constitutes a plass of its own. 
The only notable example of the wick carburettor 

244 
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at present in use is the Lanchester carburettor 
on the Lanchester cars. • 

In the wick carburettor, the principle is similar 
to that of the surface carburettor, but instead of 
increasing the saturation of the air by splashing 
the liquid, tlie petrol is encouraged to asceiid a 





The Lanchester wick carburettor, of w’hich the above drawing is a diagrammatic section, is 
fitted immediately over the petrol tank. The roots of the w'icks are tightly packed in perforated 
tubes, which are immersed in a reservoir that is kept full of petrol by the action of a pump. The 
petrol is drawn up the wicks by capillary action and vaporizes in the mixing chamW. Air is 
admitted as shown by the arrows on the drawing. 


wick by capillary action, which, by bringing a 
relatively large surface of the liquid into contact 
With the air, directly increases the carburation. 

The third class of carburettor is the spray-jet 
type, and depends for its action on the automatic 
atomization of a fluid that is forced into the 
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atm6sphere through a very fine nozzle. The 
T)etrol is sprayed into the intake passage, through 
which the air rushes into the working cylinder 
during the suction stroke of the piston. The blast 
of air itself tends further to subdivide the fluid, 
which enters the cylinder more as a vapout than 
as a. spray, and in any case the unvaporized 
petrol is immediately evaporated by the heat of 
the* cylinder walls, once it has entered the com- 
bustion chamber. 

•The spray-jet carburettor of one kind or another 
is universally employed on modern cars, but the 
variety of such carburettors is legion. At one 
time, the spray jet on some machines was fed 
directly from the petrol tank witho^ut any speciajj, 
system of automatic regulation, but the method 
*that has survived all others in this matter is that' 
embodied in wliat is known as the float -feed 
carburettor. 

In this device •the petrol frorn the tank eaters 
a small chamber containing a hollow brass drum 
that is buoyant in petrol. This float controls a 
needle valve in the admission pipe, and when the 
- 'p>etrol, in the float chamber has risen to a pre- 
determined height, the needle valve automatically 
shuts off any .further supply' By this simple 
contrivance a constant level of the petrol in the 
float chamber is maintained. 

A passage fpm the float chamber communicates * 
with the jet, and the height of the fet c6rrespon(fe 
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with the leyel of the petrol in the float ch^ber, 
so that while the pettol may pejrhaps form a tiny 
bead on the tc^ of the jet it will not of its own 
accord overflow therefrom. 

The least difference of atmospheric pressure in 
the jet chamber and in the top part of the float 
chamber suffices to disturb this equilibrium and 
to cause petrol to spray from the jet. The pressure 
in the float chamber is always that of the external 
atmosphere, because there is a small vent hole in 
the lid, but the pressure in the jet passage depends 
on the flow of air therethrough, and is always 
slightly below that of the outside atmosphere so 
long as the engine is working. 

The amount of the “ suction ” in the jet passage 
depends on the conditions under which the engine 
is operating. When running fast on an open 
throttle, the suction of the engine causes a con- 
siderable lowering of the pressure in the induction 
pipe, but when the engine is running slowly and the 
throttle is partially closed, the depression around 
the jet is less in amount. 

It is apparent, therefore, that, even in its 
simplest form, the jet of a spray carburettor would 
be autortiatically subjected to a variable suction 
effect depending more or less directly upon the 
running of the engine. It would, therefore, tend 
in some measure to adjust its supply of petrol to 
the requirements of the engine. 

It is towards the improvement and refinement 
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of this automatic regulation of the, mixture of 
petrol and air in accordance With the requirements 



The Ware carburettor has a low-level jet feeding into an annular sump. 

'I he inner tube of this chamber is perforated so as to admit petrol to the 
narrow annulus between it and the outer wall. In this annulus the petrol 
' rises slightly by capillary action, and in so doing, it reaches one of the 
• other perforations that is for the time being above the level of the petrol 

in the central tube. Through this perforation it is sprayed baok again 
into the central tube when the mixing chamber is subjected to suction by 
the opening of the throttle, and in this manner the annulus serves tempo- 
rarily a.* a high capacity jet when the throttle i% opened after a period 
of slow-speed runnir\g. In order to facilitate easy starting on a nearly 
closed throttle, a pilot jet is arranged as shown in the drawing. 

of the engine. that carburettor designers of late 
years -have in the main been working. The 
complete quantitative solution of the problem 
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presents exceptional difficulty, as can readily be 
seen from a brief consideration of the conditions 
under which an engine works in practice. 

Sometimes the motor may be turning fast on a 
light load and a partially closed throttle ; at other 
times it may be turning more slowly against a 
heavy load on an open throttle. The quantity of 
air drawn into the cylinders in a given interval of 
time may conceivably be the same for both Con- 
ditions, but it is not by any means equally certain 
that the ratio of petrol to air should be the same 
in the two cases. A better effect, for instance, 
may perhaps be obtained with the slow -speed 
heavy load running, if the mixture is richer in 
petrol, than when the engine is running fast on a 
light load. This is not necessarily always the case, 
but it may be so in some instances, and those who 
seek to compensate for this effect commonly 
construct their carburettors so that the size of 
the jet orifice is mechanically regulated by the 
throttle opening. 

There is also to be considered the condition 
brought about by an increasing engine speed 
per se. In general, its effect is to produce a dis- 
proportidhately rich mixture at high speeds, 
because the superior velocity of the air through the 
jet passage has a more decided injector action upon 
the jet than is the case at low velocities where the 
spraying is more directly due to the general 
reduction of the pressure in the jet passage. 
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Indeed, it is common practice to fit /a. choke tube 
in the vicinity of the jet, ^o that by contracting 
the bore of the* intake pipe at that point the 
velocity may be increased locally to a value 
sufficient to ensure injector action, even when the 
engine is running quite slowly. The development 
of engines that are capable of running, very slowly 
indeed, and particularly the development of 
engines that are easy to start, has necessitated 
this feature in carburettor construction, and as 
this principle produces a rich mixture it is self- 
evident that there will' necessarily be a surplus of 
petrol in the mixture when the motor is running 
fast. 

A carburettor thus constructed to give a fully 
rich mixture at very low speeds is, therefore, 
nectesarily uneconomical with its fuel at high 
speeds unless Ihe effect is compensated, and 
designers of carburettors have, therefore, sought to 
make the Correction by introducing some form of 
automatic auxiliary air valve that is controlled 
solely by the suction iVi the mixing chamber. 

The object of such a valve is to admit atmo- 
spheric air direct to the induction pipe at some 
point between dhe jet and the cylinder of the 
engine, so that, the air thus admitted dilutes the 
rich mixture formed in the jet passage. It is 
apparent that this extra air valve will open 
indiscriminately whether the suction in the mixing 
chamber is due to slow-speed running on a heavy 
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toad and open throttle, or to high speed running on 
a light load and partially closed throttle. If the 
jet orifice is the same in both caSes, the additional 
air may either be superfluous or inadequate, 



The “ O. A.” carburettor has a single main jet situated below the petrol 
level of the float chamber, but there is a tubular extension to the jet in 
which the petrol rises to the proper level when the engine is at rest. T his 
extension also serves as a pilot je.t for starting and accelerating as it gives 
a momentarily increased rate of discharge. Extra air is admitted through 
orifices that are normally closed by steel bolts. These orifices arc of 
differerft sizes and the balls are of different weights. A pilot jet to 
facilitate starting on an almost closed throttle is obtained by using a 
hollow needle-valve stem in the float chamber. 


according to the original setting of the jet, and it 
is for this reason that the jet orifice is frequently 
interconnected with the throttle, even where extra 
air valves are also used. 
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These principles of regulation are sometimes 
referred to as compensation for load and compensa- 
tion for speed, the former relating to the inter- 
connection of the jet with the throttle and the 
latter to the automatic entry of the additional air. 
* Some carburettors have either the one or the.other 

and some have both. 

0 

A modification in design that to some extent 
cortlbines these principles in a common moving 
member is one in which the effective bore of the 
passage itself is controlled by the suction in the 
induction pipe. 

A true variable choke tube acts in principle as 
a throttle valve, and may be so constructed as 
completely to close the jet passage when the 
engine is at rest. It is possible so to arrange the 
throttle itself as to afford a variable choke, as, 
for instance, whe*n the throttle consists of a double- 
ported sleeve mounted concentrically with the 
jet? ^ In sudh a design, the jet chamber is isolated 
from the induction pipe and from the atmosphere 
when the throttle is closed. As the throttle opens, 
the orifice communicating with the induction 
.Enlarges at the same rate as the orifice com- 
municating with the atmosphere. The' velocity 
through these t.wo orifices is substantially equal 
at any moment, and for a given throttle opening 
it depends on fhe speed of the engine. 

The- White and Poppe carburettor is an instance 
of this prindiple in conjunction with the variable 
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jet. As tlieAabove-described tjfpe of throttle is 
opened in this carburettor, the jet .orifice is en- 
larged, thereby compensating for-increasing load. 

It is important to recognize the significance of 
the isolation of the jet chamber from both the 
atmosphere and the induction pipe. If there is a 
throttle on the engine side of the jet only, the jet 
is virtually exposed to the outside atmosphere, 
and everything will depend upon the size of the 
choke tube surrounding the jet as to the engine 
speed at which it will be possible to obtain a 
proper spray of petrol. On the other hand, if the 
throttle valve were on the atmospheric side of the 
jet, the jet itself would be subjected to the direct 
suction of the engine, and with the throttle valve 
closed there would be a great waste of petrol. A 
throttle on both sides of the jet chamber serves the 
purpose of an infinite^ variable choke tube, and 
to that extent avoids the necessity of using an 
automatic auxiliary air valve for the admission of 
the requisite volume of air at high speeds and loads. 
At the same time, however, the variable choke 
will not afford an automatic regulation of the 
mixture unless it is interconnected with a variable 
jet orifice, for an increasing choke with a constant 
jet would provide too weak a mixture on full open 
throttle, except perhaps when the engine might 
be running unusually fast. 

While this method of arranging the throttle so 
as to provide a variable choke seems to be the 
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simplest and most direct solution to -Wiis particular 
problem, there are many carburettors that have an 
ordinary throttle on the ' engine side of the jet 
chamber, and introduce into the design of the 
carburettor itself some form of sliding member 
' that automatically regulates the bore of the •choke 
an4 the effective size of the jet simultaneously. 

As these automatic chokes are controlled either 
by 'the action of a spring or by their own weight, 
it is apparent that a given area of choke passage 
will correspond to’ a given suction, no matter how 
that suction may be obtained. Thus, for a given 
throttle opening, the automatic choke will main- 
tain a constant velocity through the choke 
passage by increasing its area in aocordance with 
the requirements determined by the speed of the 
engine. In order to maintain a constant richness 
of mixture, it is apparent that the variable choke 
^ must be interconnected with a variable jet, so that 
the enlargement erf the choke may be accompanied 
by a corresponding enlargement of the jet orifice. 
Similarly for increase of load at a constant engine 
speed, if the opening of the throttle causes the 
-engine to increase the suction in the jet chamber, 
the variable choke will open up the effective air 
passage and at .the same time 'enlarge the orifice 
of the jet. It will be observed that the automatic 
variable choke differs in principle from the choke 
that is varied,, positively by the tjia-ottle opening, 
because it fends to maintain a constant suction 




The Daimler carburettor i?» au example of the multiple-jet type in which the jet 
chokes are normally closed by steel balls. It has seven jets and two adjustments. 
Si.\ of the jets are arranged in a ring, the seventh is in the centre The central 
jet is provided with a needle-valve, B, under the control of an adjustment-screw, 
C, the object of which is to set the slow running of the engine.^ All the jets arc 
supplied with petrol from the common chamber, D, which is in communication 
with the float-chamber, E, by a passage that is under the control of a main 
adju-stment-screw, K. The central jet discharges into a central jet-chamber 
having direct communication with the induction-pipe through the main throttle- 
valve. The six other jets discharge into an annular mixing-chamber, each 
through its own separate passage, which is normally closed by a steel ball. In 
addition to the six halls that close the passage into which the jets discharge there 
are six similar balls, normally closing similar passages, through which pure air 
only can pass. In addition to iheir own weight, the halls are held down on their 
scats by a light cage or spider-shaped weight, marked H in the drawing. When 
running slowly the suction is concentrated on the central jet, and the central 
orifice supplies the necessary mixture of petrol and air. As the suction increases, 
all the balls are lifted off their seats, and the cage causes tliem to lift equally. 'Vhe 
si.v jets thus come simulianeousiy into action, and the greater the suction the 
greater is the lift, the greater also is the discharge of petrol and the intake of air. 
A very slight movement of the screw, K, suffices to restrict or enlarge the supply of 
petrol from the float-chamber to the common jet-chamber. Ordinarily, however, 
this screw should not need adjustment atter it has been set at the works. It is 
important, fiso, that the jets should not be altered, as they are of e^ual size and 
bore, and the successful operation of the carburettor depends on this condition. 
Although there are twelve balls and twelve orifices, the cage has only eleven 
spider-like arms, and it is important that when this cage is removed for any purpose 
to remember, when replacing it, to leave the vacant space over one of the jet- 
passages and not over one of the air-hole.s. The object of this is to facilitate 
quick picking up. It is of no consequence which jet is thus left uncovered, but it 
is of vita! importance that it should be a jet-passage and not merely an air-pa.ssage, 
otherwifc the engine is likely to be starved if the throttle is quickly opened. 
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on the jet with increasing engine revolutions, and 
thus to supply a uniform strength of mixture 
■throughout the speed ran^e. The choke that is 
positively interconnected with the throttle de- 
livers a strength of mixture that depends on the 
suction effect produced by different engine speeds, 
and, in general, the tendency of such -a system is 
to produce an over-rich mixture at high speeds. 

Xiiis tendency of the mixture to increase in 
richness with increasing velocities of air flow 
through the choke is, as has been explained, one 
of the fundamental difficulties in effecting proper 
carburation at all engine speeds. If anything, 
it is possible to run most engines better on a 
weaker mixture .at high speeds, and from the 
standpoint of economy alone there is sufficient 
reason why the mixture should, at any rate, not 
be stronger. In niaking compensating arrange- 
^ments to overcome this difficulty, designers of 
cafljutettors have naturally had in mind the 
desirability of avoiding, as far as possible the use 
of moving parts, wltich are always potentially liable 
to give trouble. 

- One of the most ingenious systems devised for 
counteracting the increasing richness of the mix- 
ture at high velocities is that invented by M. 
Baverey, who, by the combination of two jets, 
succeeded in .maintaining a uniform strength of 
mixture throughout the speed range without the 
use of any fhoving member at all. Taking as his 
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starting-point the established fact that a jet in a 
fixed choke delivers an increasing, rafo'o of petrol 
to air with increasing velocities of air flow through 
the choke, he proceeded to introduce a second jet 
having precisely the opposite characteristics. The , 
simultaneous action of both jets thus neutralized 



The White and Poppe carburettor has its jet surrounded by a double-ported 
rotary throttle that forms a variable choke. The jet orifice is eccentric, and is 
partially covered by a cap that moves with the throttle. As the throttle opens, 
the jet orifice is enlarged. T he throttle moves in an adjustable case, so that the 
relationship between the throttle opening and jet orifice can be set to suit any par- 
ticular engine. 'I'he throttle stem is hollow, to admit air, and its upper orifice is 
covered by an adjustable plate. 


each other and maintained a constant strength of 
mixture. 

In Baverey’s system, the first jet was similar 
to that used in any ordinary carburettor, being 
directly connected to the float chamber. The 
second jet, however, was not directly connected 

to the float chamber, but obtained its supply from 
17 
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a small tubular reservoir that was- open to the 
' ’'atmosphere. This secondary reservoir was itself 
fed- from the float -feed chamber through a fixed 
small orifice, which at all times delivers petrol 
under a constant head, and, therefore, at a con- 
stant rate quite irrespective of the operation of 
thq engine. If the engine is not running at all, 
the small tubular reservoir merely fills up to the 

f 

level of the petrol in the float chamber, and the 
action ceases. 

' As the suction of the engine cannot increase the 
rate of flow from the second jet beyond the rate 
at which its small reservoir is supplied with petrol 
from the float chamber, which is a constant 
quantity, the ra^io of petrol to air necessarily 
diminishes at high engine speeds when the air 
flow increases in quantity. 

The only time vyhen an abnormal discharge of 
petrol can be obtained from the second jet is 
inlipediately after a period of comparatively slow 
running. When running very slowly, the dis- 
charge from the ^cond jet may take place at a 
slower rate than the supply to its reservoir, con- 
- sequentlj this reservoir will temporarily fill with 
petrol. A sudden opening of the throttle will 
then produce a sudden suction upon the second 
jet, and for a moment or two its reservoir will act 
like an ordinary feed chamber ; that is to say, it 
will discl^rgq its contents at an abnormally high 
rate. As, ^however, the sudden opening of the 
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throttle represents condhtions of engine operation 
that render a temporary increase jh the richness 
of the mixture very' ‘ desirable/' this peculiarity 
of the system is distinctly an advantage rather 
than otherwise. 

The successful action of a carburettor, Tn 
practice depends on more factors than those that 
merely relate to the theoretical compensation of 
the adverse tendencies that hitherto have been 
described. One of the most important qualities 
of a carburettor, for instance, is that it shall 
enable the engine to pick up rapidly, which pro- 
cess is associated with the sudden opening of the 
throttle. Owing to the fact that there is a certain 
amount of sluggishness even in the response of 
the flow of liquid to sudden changes of pressure, 
it is by no means unusual for the theoretically 
perfect system to fail at this critical moment 
solely because the practical requirements are 
temporarily abnormal. It is because the above- 
described Baverey system combines in this way 
the requirements of prosaic theory with one of the 
most important practical idios^mcrasies of the 
motor-car engine, that it is not only a very in- 
teresting process, but also one that is very success- 
ful in practice, the system being that employed 
in the carburettor known as the Zenith. 

In several carburettors, the effect of a variable 
jet orifice is obtained by the use of a series of 
jets, each having a fixed orifice. In these designs 
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the control is such that the jets come into opera- 
tion consecutively as the throttle is opened. 
Sometimes a carburettot has two jets so ar- 


ranged that the engine runs exclusively on' one 
or on the other. In such designs, one of the jets 



The Zenith carburettor, of which the above drawings show the principle diagrammaiically and 
the constiuction of thd carburettor itself, is designed to maintain a constant richness of nnxture 
without the use of moving mechanical parts. There are two jets. The primary jet draws its 
-.supply direct from the float chamber in the usual way. The «econdary jet draw.s its .supply from a 
^subsidiary small reservoir that is ^en,to the atinospltere. Tliis reservoir is fed diiect from the float 
chamber, but as it is open to the atmosphere, the rate at which petrol enters it is fixed by the si/.e of 
the feed pipe thereto, and h not in any way influenced by the suction on the secondary jet itself. 
The secondary jet cannot, therefore, draw more than a given quantity of petrol in a given time, 
-and the rate of its dischaige being constant, its conitibution to the strength of the mixture repre* 
sefits a diutinishin^ raijm of petrol to air when the air velocity t^^nough the carburettor is high. On 
the otheJ hand, the priiTiary jet, b^ng directly connected to the float chamber, increases its dis- 
charge as the suction in the mixing chamber increases, and it is common propeity of such a jet thus 
arranged to contribute an increasing ratio of peliol to air as the air speed through the choke 
increases. The effects of the primary and secondary jets arc thus diametrically opposite, and if 
properly proportioned, they neutrali/e one amother so as to maintain a constant strength of mixture. 
In the^ actual construclion of the caAmrellor, the primary and secondary jets are concentric. A 
subsidiary advantage of the secondary jet reservoir, which naturally fills up to the level of the float 
chamber when the engine is at rest or lunning very slowly, is, that it enables the secondary jet to 
incre^e its rate of discharge momentarily, when the throttle is suddenly opened, and it is on .such 
occasions that a temporary increase in the delivery is desirable. For the purposes of easy starting, 
a pilot jet is arranged in the vicinity of the throttle, and it draws its supply from the rescivoir. The 
enfine should he started with the throttle nearly closed. , 


is, of course, larger than the other. A modifica- 
tion of this principle is to arrange for the engine 
to use one jet. only when it is running slovyly, and 
fo brkig other jets successively and collectively 
into use as the throttle is opened. 
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As the essential feature .of the multiple- jet 
carburettor is the use of many'jet^ instead of one 
jet, and as the salient point ip this arrangement 
is to provide a variable jet orifice, the remarks 
that have already been made upon the subject 
of the variable jet apply equally to the carburet- 
tors in which several jets replace the single . 
variable jet. 

In some cases, each of the several jets is con- 
tained in its own choke, the passage through 
which is either regulated by the suction of the 
engine or by the positive control of the throttle. 

By way of concluding this chapter, it may be 
of interest to some readers to recall the famous 
Maybach litigation, as it was the first and almost 
the only automobile patent case of general im- 
portance that has been fought in the English 
courts. Its unique position in the history of 
motoring is the more remarkable, considering 
the complete newness of the motor-car as a piece 
of machinery and the many hundreds of patents 
that have been filed for its “ improvement.” 

Among these, Maybach’s related to the inven- 
tion of a spray carburettor, and the owners — the 
British Motor Traction Co. — claimed it to be a 
basic patent covering the float-feed regulation of 
the petrol supply to the jet, which was then and 
still is the most satisfactory method of working. 

Two actions were fought. The first was' 
that of the British Motor Traction Co. against 
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J. V. Sherrin, which Vi/^as tried before -Mr. Justice 
Kekewich and resulted in favour of the plaintiffs. 
The second was brought by the same plaintiffs 
against Charles Friswell. It was tried before 
Mr. Justice Farwell, and resulted in favour of 
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The Smith carburettor, <5f which the above drawing is a perspective 
sectional sketch, contains four jets of different sizes, each of which is 
isolated in its own choke tube. The upper ends of these passages are 
covered by a sliding sleeve containing ports. The movement of the 
• sleeve is controlled by the suction of the engine, and as the suction 
* increases so do the ports uncover more of the jet passages. There is also 
an adjustable series of ports admitting extra air above the jets. 

% 

the defence. The full reports of these cases will 
be found in the June and August issues of the 
Awtomotor Journal for the year 1901. 

It wks made^ very clear by the judge in the 
second case \hat the decision in the' first case 
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was essentially a consequence of the evidence 
brought into court. ’The second c?se, which was 
much better handled for the. defence by Mr, 
Thomas Terrell, brought to light several points 
of first-class importance, which resulted in the, 
defeat of the Maybach patents. 

Prior to this case, it had commonly been 
assumed that the Maybach patent was for the 
float-feed regulation of the petrol supply t6 the 
jet. It- transpired in the course of the evidence, 
however, that this was not at all what Maybach 
really thought he had invented. What he thought 
he had really invented was embodied in his 
original claim, which ran : — 

“ The method of producing an explosive mix- 
ture in hydrocarbon engines, consisting in sucking 
liquid hydrocarbon by the air sucked by the work- 
ing piston substantially as described.” 

It is apparent from this that Maybach thought 
he was inventing the princiifle of carburation by 
the spraying of petrol into tlie intake pipe. 
Finding, presumably, that he could not support 
this contention, he amended out his original first 
claim, so that the patent, when it came into court, 
had as its first claim what formerly was the 
second clause, and in which was the following 
passage ; "A swimmer valve for the purpose of 
maintaining the level of the hydrocarbon within 
the basin at a constant hei^t.” 
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It was held by the judge that. Maybach’s 
patent was essentially a patent for a method or 
process for producing the’ explosive mixture in 


TO ENGINE 



The Stewart carburettor, of vjhich the above drawing is a sectional 
sketch, comprises an automatic variable choke with a variable jet orifice 
controlled by the moving member. The moving member is shown black 
in the above drawing. The suction in the mixing chamber raises it, thus 
increasing the area of the annular passage between it and the carburettor 
casing. At the same time, this action withdraws the lower end of the tube 
from a tapered spigot and thus enlarges the orifice of the petrol jet. When 
the engine is at rest, petrol rises inside the moving member to the leyel of 
the petroU in the float chamber. Under such conditions, a pilot tube has 
its lower end immerseoT so as to facilitate starting. 


explosion engines, and, to be Maybach, the oil 
must be sucke.d out of the oil tube, at any rate 
partly,. by the injector action of air nishing over 
or round the»end of it. If it is sucked jout merely 
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by suction taking place in accordance with the 
laws enunciated above, and by distribution of 
pressure, produced by 'suction between the air 
valve and the oil tube, then it is not Maybach. 

Many patents were put into court by the 
defendants as anticipations of Maybach’s patent, 
but those chiefly relied upon were the patents 
of Wilkinson and Butler. 

George Wilkinson invented substantially the 
same thing as Maybach, but he had allowed his 
patent to lapse. 

Maybach’s patent was No. 16072, dated 25 
August, 1893. 



CHAPTER XIV 

THE MATERIALS OF WHICH CARS ARE *MADE 

M otorists are told a great deal about 
the accuracy that is attained in modern 
car construction, but few car owners 
have any opportunity of learning even a little about 
the materials of which their cars are made. Never- 
theless, these same materials are liable to far more 
internal irregularity than even indifferent exterior 
workmanship would show, and ‘the interesting 
point about this is that lack of uniformity passes 
entirely unsuspected until the faulty part fails in 
use. It is easy enough to test a piece of steel to 
destruction by fixing its ends ^between the jaws 
of -a vice and pvflling upon it until it parts in two, 
but aside altogether , from any question of utility 
or otherwise of \he test itself, there is always 
the doubt whether other pieces of supposedly 
similar material are indeed the same. 

It is difficult even for the scientific, let alone 
the lay, mind to grasp the truly extraordinary 
divergence that can occur in the quality of a piece 
of material' merely as the result of heating it 
in a ‘furnace or cooling it in a bath. The specimen 
that has teen so treated in a manner that har- 
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The difference in the appearance illustrates the effect of “ cooking ’ the steel in an oven. Th 
st iiiicrurTr^ipli shows the steel as it is received from the forge, the second is the same steel aftc 
at treatment and (]uenchini; in oil. 'I'he third micio?raph was taken after final temperinj; 
le fine, (.losc-grained homogeneity of the structure in the third micrograph, shows a steel that i 
ry much stronger to resist shock and fatigue than the coarsely angular or crystalline state of th 
L'tal in the fust mictograph. These micrographs were all obtained in the laboratories of th 
aimlei Co , where the heat treatment of the steel used in the Daimler cars is regularly piactiset 
d they are renroduced from the Author's ‘‘ Notes on the Materials of Motor-car Construction.’' 
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monizes with its nature js not only a little stronger, 
but many times stronger, than one that has either 
not been treated at all, or hUs been improperly 
treated b}^ making it too hot, or by not keeping it 
hot long enough, or by coohng it too quickly, or 
by not cooling it quickly enough. It is difficult to 
realize the wonderful difference between the natures 
of two such pieces of metal, because the nakgd 
eye can distinguish no difference whatever, and 
even a chemical analysis only serves to show that, 
so far as composition is concerned, the two speci- 
mens remain exactly the same. 

Moreover, not only do the eye and the test 
tube fail to show any difference, but some of the 
more ordinary tests, such as stretching the piece 
until it breaks, also fail to give adequate evidence 
of the superiority that the properly treated speci- 
men undoubtedly displays under the practical 
conditions of everyday use. It not infrequently 
happens that a piece of material, which has been 
passed as completely satisfactory by the standard 
of ordinary tests for mere direct strength to oppose 
a direct pull, subsequently breaks down while 
working upder a load that is well within the limit 
that the material is, according to the tests, capable 
of withstanding. 

In these cases, the material is said to have failed 
from fatigue, and when one considers the manner 
in which motor-cars are used, how they are always 
starting and stopping and being jolted about 
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over rough roads, it becomes fairly self-evident 
that the one quality required of all parts of a car 
is that of endurance, in other words, that they 
should not give way merely because they get 
tired of doing their work. There is small difficulty 
nowadays about finding a specimen piece of steel 
that will withstand enormous stresses and last for 
3,n unlimited time in use provided the working load 
is a reasonably small fraction of the maximum 
load that it can withstand. The difficulty arises 
' when the same high qualities are expected of every 
individual member of a large batch of parts that 
have been made commercially. 

The proviso mentioned above, that a metal 
must not be stressed beyond its power of recovery, 
is important. It is very clear, for instance, that 
a piece of steql must never be so stressed that it is 
permanently distorted, but if it is only strained 
a small amount so that it jilways recovers by 
virtue of its o^\^ natural elasticity, the strain mav 
be repeated indefinitely without evil consequences, 
provided that the metal was properly treated to 
withstand them in the first instance. All materials 
are more or less elastic, and by elastic is, meant the 
power of reedvering its original shape after being 
deflected, and not merely the ability to be stretched 
a great deal like india-rubber. Some of the very 
best steels; which are apparently rigid, are, in 
reality, much more elastic tlian commonplace ' 
objects li’ke rubber bands that seem superficially 




Plivsics IN 1 I 11 <: I’RIO’AKA I'lON (^K I'lIK MAI'KKIARS FOR M<VrOR-(' VR < 'ONM'R UC’ TION 
A1 1 HR DaTM1.fr WoRIvS, COVEN TRY 

1 he upper view shows the charging of a cupola with raw metal, which when melted will he used 
for casting. The second view shows molten steel being poured from the “ Slock ” converter. The 
thud view shows molten metal being poured into the sand mould to pioduce a casting. The 
bottom view illustiates a crank-shaft forging in the rough, being removed from the oven where it 
has been “cooked" for_ the purpose of pulling its molecular structure into the best condition to 
withstand shock and fatigue. It is now being transferred to an oil-tank for cooling purposes. The 
above views are taken from the Author’s “ Notes on Materials of Motor car Construction." 
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to be possessed of power of stref ching and ' 
recovery to a mucii higher degree. Those who 
have the misfortune to’ use dastic- bands very fre- 
quently, however, will readily agree that there is an 
early limit to the number of times that such things 
can be used before they show signs of a per- 
manent stretch. If one pictures for a moment a 
corresponding state of things occurring in the • 
motor-car, its condition after a few months’ use 
would be, to say the least of it, grotesque. 

When the explosion occurs in the cylinder of an 
engine, more or less of a blow is thereby struck 
on the top of the piston. The piston is hinged 
to the connecting-rod by a pin, which the shock 
tries to shear in two. The connecting-rod forms 
a column, or strut, between the crank-shaft and 
the piston, and the explosion tries to double up 
that member under compression. If it gives 
way a little, the force tends to exaggerate the 
bending, and thus obtains a better opportunity 
of breaking the rod. When the crank has 
moved away from its dead centre or vertical 
position, the force on the piston is transmitted 
through the leverage of the crank and becomes 
torsion, or a twisting effort on the shaft, which 
twists a little in itself while it turns round in 
its bearings as a whole. In this way, the 
stress is transmitted from one end of the chassis 
to the other ; it passes through the teeth of the 
gear-wheels, and finally it arrives on the tread 
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of the tyres where they take their grip of the 
road. 

To an infinitesimally small extent, which is 
quite unobservable to the eye, do all the various 
parts of the car “ give ” under each of these 
repeated impulses from the engine, and it is alone 
^ue to their power of instantaneous and complete 
recovery that the machinery as a whole lasts as 
long as it does. But for this comparatively perfect ^ 
elasticity, the motor-car would, metaphorically 
’ speaking, soon ’be in the condition of the much- 
used elastic band ; only, as the conditions of 
operation are such that a nicety of fit is essential 
to continuance of work, the imihediate effect of any 
permanent distortion is a complete breakdown 
either of that part or of those adjacent to it, 
and so any general extension of permanent dis- 
tortion tluroughout the car is impossible. 

Now, this repeated stressing of the parts to a 
hjinute extent •that is well within their power of 
recovery — or, as it is technically expressed, is 
within the elastic limit of the material — can be 
carried on indefinitely only so long as every par- 
ticle of the material so stressed is harmoniously 
in accord with its neighbours. It might well be 
that a very mild stress for •fhe majority of mole- 
cules might seriously disconcert a small group 
occupying some particular spot near the edge, or 
perhaps near the core of the pbject in question. » 
To these ^particular molecules, which are in some 
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way abnormal, the stress is excessive, and, after 
many repetitions, they give way mider the strain, 
and in doing so they spread their disaffection 
gradually through the rest of the material until 
it breaks down completely. 

Inherent faults of this description are the more 
difficult to detect because they often show no 
signs of being present when the piece as a whole 
is tested for its strength against one direct pull. 
If, of course, the piece is put in a special testing 
machine and rotated out of line so that it is subject 
to an alternating stress for a long period of time, 
a more exact idea of the suitability of the material 
for the practical uses to which it is to be put in 
the motor-car will be available, but, unfortunately, 
the test is somewhat of a special character and the 
usual way of denoting the virtues of the standard 
steels of commerce is to refer to their tensile 
strength against one direct steady pull. As an 
isolated indication of merit the direct tensile 
test is useless, but taken in conjunction with a 
variety of other tests, it serves, of course, a very 
good purpose. 

Alone, and without reference to other matters, 
it is apt to be very misleading, partly because it 
seldom shows any indication of the minute internal 
irregularities that are subsequently going to cause 
fatigue, and, also, because a material is sometimes 
made artificially to appear strong as the result of 
some particular process incidental to manufacture. 
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For example, a cold rolled bar of steel will often 
derive artificial strength from the hard skin 
that is the result of direct contact with the rollers, 
but as this intense local pressure has certainly 
caused internal disturbances of just the kind that 
are likely to develop into weaknesses wkh time 
and vibration, it would be fatal to rely upon the 
apparent strength of such a specimen in the con- 
dition that it is received. 

And again, even supposing that one made 
'allowances, one 'would still never be certain that 
they were proper to individual pieces. When one 
says that the effect of I'olling, or of this or that 
other process that has been ' incidental to the 
manufacture of the part, has caused internal 
irregularities, one is not by any means specifying 
the magnitude of the trouble, and there is no 
reason whatever to suppose thal; it will necessarily 
be uniform in amount. Indeed, it may be said 
with some truth that the whole reason for study- 
ing the subject of metallurgy in engineering more 
scientifically thafi hitherto was customar}', is due 
to the fact that experience has proved how utterly 
unreliable is any such assumpton. Simple rule-of- 
thumb methods would otherwise have enabled 
everyone to guard against failures, after a few 
preliminary mishaps, by merely 'making a part 
larger in order that it might be stronger. , Internal 
weakness, however, baffles ^uch unscientific 
remedies entirely, because the fault that lies unsus- 
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pected inside is not necessarily to be prevented from 
developing by the mere magnitude of the specimen 
as a whole. The more there is of the material, in 
fact, the more there is, in a way, of the weakness. 

Now all this sounds very alarming to the un- 
initiated, who may well ask how can one possibly 
detect or cure a fault that the eye cannot see, 
in a material that is apparently quite up to speci- 
fication so far as its chemical composition is cbn- 
cerned. The fact that the naked eye cannot see 
the fault is true enough, but it is not true that the 
weakness is utterly invisible. If a piece of steel 
is broken and a minute spot of the fracture, 
say the size of a piu’s head or less, is examined 
under the most powerful of microscopes so that 
the object looked at expands itself into a picture 
some two or three inches across, then the eye can 
indeed see a very great deal that formerly was 
hidden. 

The very arrangement of the molecules is laid 
bare, and if the same piece of metal is thus exam- 
ined after it has been subjected to a series of heat 
treatments, which have consisted in baking in a 
furnace and then cooling' off either in the air, 
oil or some other suitable quenching medium, 
the changes that take place in its structure can 
readily be examined. If this examination is 
compared with the results obtained from the 
material under proper tests, there is slowly built up 
in the course of time a great tome of actual inform- 

, i8 
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ation that forms the foundation of a practical 
science ; but; inasmuch as the appearance of metal 
under the microscope is only a writing on the Wall 
to those who can read it in the light of experience, 
,it is easy to believe how slowly and laboriously 
thfe information is collected. For the same reasQii, 
it can^ readily be, understood how inestimably 
valuable, to the manufacturer and to those for 
whbm he makes his cars, is the experience thus 
collected. 

To»the motorist, it is surely of the very greatest 
interest to learn something of this aspect of the 
building of his car, but it has, unfortunately, 
been exceedingly difficult for the general reader 
to find information of this character in a con- 
venient and comprehensible form. It is au fond 
g. technical subject, but then, so also are other 
branches of automobile engineering, yet they cer- 
tainly prove of interest to the car owner, as 
witneSs the suf)port that he extends'* to the techni- 
cal motoring Press.' In fine, the subject of metal- 
lurgy and particularly tlie aspect of metallurgy 
that is called metallography, having to do with the' 
appearance of materials under the microscope, has 
seldom been “ written up ” for the motorist in a 
popular form, and I may therefore perhaps be 
pardoned for referring those who may be interested 
further to pursue, the detail of this subject to a book 
called Notes on the Materials of Motor-car Con- 
struction, whicfi I wrote, with the assistance of 
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Mr. W. H.- Proctor, Mr. T. W. Picken, Mr. A. 
Harley, and others of the Daimler Company’s 
metallurgical staff, for this purpose. . In apy case, 
space precludes more than this mere introduction 
to a very fascinating subject being given in the 
present volume. 




APPENDIX 


Length 

Area 

I in.= 25-4 cms. 

I ft. = 0 305 m. 

I yd.= 0*914 m. 

I mile =5280 ft. 

”1760 yds. 

= I -61 km. 

I sea mile =6080 ft. 

I ° Equator =*60 sea mi. 1 

im.= 3*28 ft. 

I ft. * = 144 in.® 

=0 093 m.® 

I m. 2=10-76 ft* 

I yd. 2=0-836 m .2 

I acre =4840 yd,® 
=4046-7 mJ 

I sq. mile =640 acres. 

Weight 

Pressure 

I oz. =28-35 grammes 

I lb. =16 oz. 

=04536 kg. 
=445,000 dynes 

I ton = 2240 lbs. 

= 1016-05 kg. 

I U.S.A. ton = 2000 lbs. 

I kg, =2 *2 lbs. 

=981,000 dynes 

I kg. /m. 2=0-205 lbs. /ft. 2 

I lb. /ft. 2 =4*9 kg./m.2 

I lb. /ill. 2 =0-07 kg. /cm. 2 

=68,976 dynes /cm. 2 
=2-04"Hg. @62°F. 
=2-3 ft. H.O „ 
i''H, 0@62‘’ F.=5 i 961 bs./ft.» 

=0 073' Hg. 

= 65 ft. air 

I atm. @62° F. =29-95" Hg. 

= 760 mm. Hg. 
= 33-94 ft- H ,0 
= 14-76 lbs. /in. 2 
= i X io*dynes/cm.* 

1 = 95 ton /ft. 2 

I kg. /cm. 2 = 14*223 lbs. /in. 2 

Couples 

I kg. m.= 7*25 lb. ft. 

I lb. ft. =0-138 kg. m. 

= -975 atmospheres 

I oz. /yd. *=33-9 grammes /m.* 
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Velocity 

I m.p.h.=i *46 ft. /sec. 

=88 ft. /min. 

= 1(109 k.p.h. 

= •445 m./sec. 

I knot = 1-152 m.p.li. 

• I k.p.h. =0-6214 m.p.h. 

=0-9113 ft. /sec. 

I cm. /sec. =2 ft. /min. (appx.) 
. I ft. /sec.,= 0-685 m.p.h.- 
I m./secr=2-25 m.p.h. 


Sound in Air 1142 ft./sec. 


Wind « 

Velocity. 

tn.p.h. 

. 10 

. 20 

. * . .23 

. 28 

. 30 

. . . 32 

. . • 35 


Density ( p ) 

If sp. gr. water = i -0o 
, then lb. /in. ® = sp.gr. X 036 
I gramme /cm ’* = 62 -43 lbs . /f t . * 
I kg. /m® =0-0623 lbs. /ft.® 

I lb. /ft.® = 15*8 kgs./m.® 
Air=o-o8 lbs. /ft.® 

= 1-29 kg. /m.® . 

Hydrogen =0-005 /ft. ® 
=0-0895 kg./m.® 
Coal gas =0-0403 lbs. /ft.® 
=0-646 kg./m.® 
Water=62-5 lbs. /ft.® 

=10 lbs. /gal. 

Petrol (-72sp.gr.) =45 lbs. /It.® 
=7*2 lbs. /gal. 
Ash = 49 lbs. /ft.® 
Bamboo =25 
Cork = 15 
Mahogany =40 
Oak = 50 
Pine =36 « ,, 

Spruce =31 
Walnut =42 


The Atmosphere 


Altitude. 

Density 

ft. 

Plhs, /ft.» 

0 . . . 

. 0-78 

4,000 . 

. 0-68 

8,000 . 

• 0-59 

12,000 . ^ . 

. 0-51 

16,000 . ' . 

- 0-47 

20,000 , • • . 

. 0-41 


Altitude. 

ft. 

1 , 000 . 

2 , 00 © 

3,000 

4,000 

6,000 

8,000 

12,000 
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PoWfR 

I h.p. =375 pile lbs. /hour * 
=33000 ft. lbs. /min. 

;= 550 ft. lbs. /sec. 

=77*5 nietres/sec. 

^0746 kilowatts 
==42*416 B.Th.U. /min. 
(Ib.'^F.) 

= 10*711 calories/min. * 
{kg°.C.) 

=0*175 lbs. carbon oxi- 
dized /hour 

= 2*64 lbs. water evapor- 
ated@2i2° F./hoiir 

Joules equivalent : i B.Th.U. 
=772 ft. lbs. 

Temperature 

T. -0*555 32) 

^F.=32+(i*8^ C.) 

Absolute zero — - 459° F. 

= - 273 °C. 

The earth, increase in temp, 
with depth -f i"" C. per 100 ft. 
(approx.). 

The atmosphere, decrease in 
temp, with altitude : — 

4000 ft. . . .-2i°F.perioooft. 
16000ft. .. .-3° F. ,, 

17000ft -3i°F. ,, „ 

28000 ft -4“ F. „ „ 

Volume 

Angular 

I gal. =8 pts. 

I circle =360° 

= 160 fi. ozs. 

I radian = 360 ""-^-277 

=227*27 in. 3 

=57-296“ 

=o*i6 ft.=* 

(0= angular velocity 

=4-546 litres 

—radians /sec. 

I U.S.A, gal. =231 in.“ 

~2ir revs. /sec. 

* I litre = *i m.^ 

= 1*76 pts. 

=61 *02 in.® 

=0*22 gallon 

I ft.®=i 728 in.® 

• =50 pints 

Revs. /sec. =(i>/27r 

= •0283 m.® 

Dimensions 

I m.®= 35 * 3 i 5 ft.» 

Velocity LT""^ 

= 1*307 yds.® 

Acceleration LT*”® 

I fluid oz. =480 drops HaO 

Kinematic viscosity L*T”^ 

i teaspoonful =60 drops (abt.) 

Density ML~» 

Force MLT*^* 
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f Temperature. 
•Fahr. ‘Cent. 

Cwts. 

Weight. 

Kgs. 

Sliles 
per r 
gal. 


Litres 
per xoo 
(cilotns. 

1 

Exchange. 

s. d. fr. 

c. 

0 


~i 8 

5 

= 

25^ 

•5 


55 

0 

0 

I 

=3. 

0 

10 

10 

=:r 

— 12 

10 


508 

6 


48 

0 

0 

2 


0 

20 

20 


- 7 

12 

= 

610 

7 

= 

40 

0 

0 

3 


0 

30 

32 


0 

14 


712 

8 

= 

3 b 

0 

0 

4 

— 

0 

40 

^0 

~ 

4 

16 

— 

813 

9 


31 

0 

0 

5 

= 

0 

50 

50 

■— 

10 

18 


915 

10 . 


28 

0 

0 

. 6 

= 

0 

60 

60 

= 

16 

20 


1, 016 

II 

= 

26 

0 

0 

7 


b 

70 

. 70 


2 X 

22 

= 

I.II8 

12 

= 

23 

0 

0 


— 

0 

80 

80 


- 27 

24 


1,220 

13 

rrrr 

22 

0 

0 

9 


0 

90 

90 


32 

26 

= 

1. 321 

14 

=== 

20 

0 

0 

10 


I 

0 


( 





15 


19 







loo 


38 

28 


1.423 

16 


18 

0 

0 

II 

= 

I 

10 

no 


43 

30 


1.524 

17 

=r~ 

17 

0 

I 

0 

= 

I 

20 

120 

= 

49 

32 

= 

1,626 

18 


16 

0 

2 

0 

= 

2 

50 

130 

— f 

54 

34 


1,72^ 

19 

=: 

15 

0 

3 

0 

= 

3 

70 

140 


,60 

36 

== 

1,829 




0 

4 

0 

= 

5 

0 







26 

— 

14 







150 


65 

38 

- 

I.93I 

21 


135 

0 

5 

0 

= 

6 

30 

160 

— 

71 

40 


2,032 

22 


130 

0 

6 

0 


7 

50 

170 

— 

77 

42 

~ 

2.134 

23 


12 0 

0 

7 

0 

= 

8 

80 

tSo 


82 

44 

= 

2,235 

24 


11*5 

. 0 

8 

0 

— 

10 

0 

190 

= 

88 

46 


2.337 

25 


1 1 -2 

0 

9 

0 


II 

30 







26 


108 







200 

-■r 

93 

48 

=.-r 

2.438 

27 

---- 

10-4 

0 *10 

0 

= 

12 

50 

212 


1 00 

50 


2,540 

28 

= - 

100 

1 

0 

0 

— 

25 

0 

220 


•104 

52 

— 

2,640 

29 

r-_- 

96 

2 

0 

0 


50 

0 

2 JO 

rrr 

no 

54 


2,740 




3 

0 

0 

= 

75 

0 

240 

— 

115 

5 ^ 


2^840 

30 


9-4 

4 

0 

0 


100 

0 







31 


91 

5 

0 

0 

r.-=: 

126 

0 

250 

— 

121 

58 

— 

2,940 ' 

32 


8-8 

10 

0 

0 

= 

252 

0 



126 

60 


3.050 

33 

' ■ 

8-5 







270 

= » 

132 

< 



34 


8-3 













35 

— 

8-0 








The above tables are only approximate. 


4 

Mcnsuration 

Surfaces — 

Triangle =Basex^ perpendicular. 

Circle X 7854. 

Sector = Arc x \ radius. 

Parabola = Base x f height. 

Ellipse —Major axis x ’7854 minor axis. 

Cone =Base area -f- (Base circ. x \ slant height). 
Sphere D® x 314159^ 


Volumes — 

CyUnder =Base area x length. 

Sphere = D* X 52 36. 

Segment ==*5236 Height (Height* + 3 Base Radius). 
Cone ^ Base area x ^ perpendicular. 

• Wedge =i= Base axea^k I perpendicular. 

The Circle — 

Circumference =Dx 3*14159. 

Equal Square =Dx 0*886226. 

Inscribed ,, =D5< 0*7071. 
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Feet. 


Metres. 

Miles. 


Kiloinpt. 

Gallons. 

Litres. 

Lbs. 


Kgs. 

I 

= 

*3 

I 


I 6 

I 

4*5 

■ , r 

. '. 1 ^ 

a= 

*45 

2 

5 = 

*6 

2 


3*2 ‘ 

2 - 

9-0 

2 

r:= 

•9 

3 

-- 

•9 

3 


4-8 

3 ==-- 


3 


1*4 

4 


1*2 

4 


6*4 

4 = 

i8*2 

4 

-= 

1*8 

5 


1-5 

rj 


8o 

5 -- 

227 

5 


2.3 

6 


1*8 

6 

= 

g-6 

6 -- 

27*3 1 

6 


27 

7 


21 

7 


II *2 

7 ^ = 

31-8 

7 

== 

3*2 

8 


2*4 j 

8 


12-8 

8 -= 

3b-3 

8 


3*6 

9 


2*7 ! 

9 

r-= 

14*5 

9 

40-9 

9 

~ 

4‘i 

lo 

= 

3*0 

lO 

— 

ib'i 

lO 

45*4 

10 


4*5 


Cu. 

ins. 

Cu. 

cms. 

1?; 

Sq. 

metres. 

Per 

lb. 

s. d. 

Per 

Jcilog. 
fr. c. 

Per 
yard, 
s. d. 


Per 
metre 
fr. c. 

I — 

i6-3 

I 

= *09 

I 

0 

2 

80 

I 

0 

r=r 

I 

40 

2 ■ -- 

327 

2 

= -18 

2 

0 “ 

5 

60 

2 

0 

¥= 

2 

80 

3 - 

49-1 

3 

:= *28 

3 

0 - 

8 

40 

3 

0 

s=: 

4 

15 

4 

65*5 

4 

-= *37 

4 

0 “ 

II 

10 

4 

0 


5 

50 

5 

81-9 

5 

*46 

5 

0 

13 

90 

5 

0 

— 

0 

90 

6 

98-3 

6 

- 56 

‘ 6 

0 r 

16 

70 

6 

0 


8 

30 

7 ^ 

1147 

7 

- -65 

7 

0 

19 

50 

7 

0 


9 

65 

8 

131-1 

8 

.74 

8 

0 

22 

30 

8 

0 

— 

II 

10 

9 

147*5 1 

9 

-- .84 

9 

0 

25 

0 

9 

0 


12 

40 

10 -- 

1630 

10 

-- -92 

10 

0 - - 

27 

80 1 

10 

0 

= 

13 

80 


Lbs. 
per 
sq. m. 


Pressure. 
Atmospheres 
(or kilogs. 

per sq. 
centimetre). 

Metres 

d’eau. 

Per 
gal. 
s. d. 

Price of Petrol. 

Per 

litre. 

c. 

Per 
bidon. 
fr. c. 

I 

. = 

.07 -- 

07 

I 

0 

:= 

28 


I 

40 

2 


-14 -- 

1*4 

I 

I 

= 

30 

= 

I 

50 

3 


•2 

21 

I 

2 

= 

33 

-- 

I 

65 

4 


.27 

2-8 

I 

3 

= 

35 


I 

75 

5 


•34 = 

3-5 

I 

4 

= 

37 

= 

I 

85 

6 


•41 

4*2 

I 

5 

— 

39 

= 

I 

95 

7 

= 

-48 ^ 

4*9 

I 

6 

= 

42 

~ 

2 

10 

8 


•54 

5*9 

I 

7 

= 

44 


2 

20 

9 

-.r. 

•61 

b -3 

I 

8 

= 

46 


2 

30 

10 

— - 

•68 

70 

I 

9 

= 

49 

= 

2 

45 

20 


1-4 

14-0 

I 

10 

= 

51 


2 

55 

30 


2 -o 

210 

I 

II 


53 

-- 

2 

b 5 

40 


27 

28-0 

2 

0 


55 

— 

2 

75 

50 


3.4 

35*0 

2 

I 

=: 

58 

=r: 

2 

90 

Oo 


41 - 

42 0 

2 

2 


60 


3 

0 

70 


47 

49 0 

2 

3 

= 

63 


3 

15 

80 

— 

5*4 

560 

2 

4 

= 

65 


3 

25 

90 


6-1 — 

63 0 

2 

5 


67 


3 

35 

100 

— 

6-8 -- 

70*0 

2 

6 

3X5 

69 


3 

45 


The above tables are only approximate. 
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Compass 


Points. Angle. 




. 

f 

U 

i 


2 

48 

45 

i 


5 

37 

30 



8 

26 

15 

I 


II 

15 

0 

li 

0 

~ 

14 

3 

45 


= 

16 

52 

30 

li 


19 

41 

15 

2 

f = 

22 

30 

0 

2l 


25 

18 

45 

2i 


28 

7 

30 

2i 


30 

56 

15 

3 


33 

45 

0 

3 i 


36 

33 ' 

45 

3 i 


39 

22 

30 

3 f 

= 

42 

II 

15 

% 

iT 

45 

0 

0 

m. 


Miles Kiloms. 


per 

hour. 


per 

hour. 

Only approximate. 

5 


8 

10 


16 

15 


24 

20 

-- 

32 

22 


35 

24 

= - 

38 

26 


41 

28 


45 

30 

---- 

48 

32 

=- 

51 

34 


54 

36 


57 

38’ 


61 

40 


64 

42 


67 

44 


71 

46 


74 

48 


77 

50 

= 

80 

52 


83 

54 

= 

86 

56 


90 

58 


93 


6o lOO 

64 103 

* 66 = 106 

68 =110 

70 = 113 

72 “ 116 

74 1 19 

76 — 122 

78 = 125 


80 = 128 

90 =144 

100 = 160 

105 = 168 

IIO' = 176 
120 193 


Morse Code 

A • a 
B ■ • • • 

C m mm* 

D 

E • 

F • • ■ 

6 

H • • • • 

I •• 

J •... 

K 

L • B • • 

M -- 
N -• 

P 

Q »•. 

R • a • 

^ • • • 

T - 
U • •• 

y • • • « 

w 

X 

Y 

z ■§■§•• 

Numerals 

1 • ■ M a a 

2 • • a a a 

3 • • • - - 

4 • • • • a 

•5 

6 

7 

8 

9 -^ 

0 


M • • • 

■i i* • • 



TABLES 288 

Formulae of the Hydrocarbons, etc., of Importance in 
Connection mpi Liquid Fuel 

1. The paraffin series— C,.H 2n+t ' . 

Methane CH* . . * 

Ethane CaH« . . . 

Propane CjlL . * • j 

Butane C4H10 . . *J 

Pentane ^boils at 37° C. ^ 

Hexane CeHu - ^ 9 l Spirit, the 

Heptane C.Hr. „ 98 Vpetrol Vbenzmes or 

Octane CaH„ 120 J naphthas. 

Nonane C9H20 ^ 130 I 

Decane C10H22 i 5 S"i Kerosene oiTamp oil, ‘ 

Undecane CuH 24 iSo “Solar^'orlntermedi- 

Duodecane C12H28 .. 200 ate oil, 

etc. etc. fLubricating oil, 

C17H38 . . j Vaseline, 

etc. etc. j Wax. 

2. The Olefine series 

Ethylene C2H4 
etc. etc. 

3. The Acetylene series CnHt„_2 

Acetylene C2H2 
etc. etc. 

4. The Benzene series C Hgn-e 

Benzene CeH« boils at 81° C.l ^ 1 

Toluene C,H. .. 

Xylene CgHio 
etc. 

5. Naphthalene C„H2n_i2 

Naphthalene CioHg boils at 218° C, 


6. Alcohol C2H3OH 

Methylic Alcohol CH4O boils at 63° C. 
Ethylic „ C2H4O „ ■ 78° C. 



COSECANT 0 

Diagram illustrating^ the trigonometrical ratios. 



M0TPRPJG 

4 

ALTITUDE (METRES) Corresponding to Barometer tmn 


Mean Ten^perature, * C- 


-*87 

22 

132 

243 

356 

471 

587 

705 

825 

946 

1,070 

1,195 

1,322 

1,450 

1,581 

1.714 

1,850 

^,987 

2,127 

2,269 

2,414 

2.561 

2,711 

2,863 

3.019 
‘3,177 

3,339 

3.504 

3,^^72 

3,843 

4.019 
4,198 
4,380 

, 4,567 
4.759 
4,955 

5,155^ 

5.361 

5.572 

5.788 
6,010 
6,238 
. 6,473 

6.714 
6,963 
7,219 
7,483 
7,757 
8,039 

8,331 

8.634 

8,949 

9,276 

11.153 

13.536 

16,925 

22,717 


-84 

21 

127 

235 

344 

455 

567 

680 

796 

913 

1,032 

1,152 

1,275 

1,399 

1.525 

1,654 

1.784 

1,917 

2,052 

2,189 

2,328 

2,470 

2,615 

2,762 

2,912 

3,065 

3,221 

3,380 

3,542 

3,708 

3,876 

4,049 

4,226 

4,406 

4.591 

4,780 

4,973 

5,171 

5,375 

5,583 

5,797 

6,017 

6,244 

6.477 

6,716 

6,964 

7,219 

7,482 

7.755 

8.037 

8,339 

8,633 

8,948 

10,742 

13.058 

16,327 

21.914 


123 

227 

332 

439 

547 

656 

767 

880 , 

994 

1.109 
. 1,228 

1.348 

1.469 

1,593 

1.718 

1.847 

1.977 

2.109 
2.243 
2.380 

‘ 2,519 
2,661 
2,805 
2.^53 

3,103 

3,256 

3,412 

3.572 

3,734 

3,901 

4,071 

^ 4,245 

4.422 

4,604 

4,791 

4,982 

5.178 

5,379 

5.585 

5,797 

6,015 

6.239 

6.470 
6,709 
6,954 
7,2o8 

7.471 
7.742 * 
8.024 

.8,317 

8,620 

10,348^ 

*^5,729 

21,110 


1,297 

1,413 

1,532 

1,653 

1,777 

1,902 

2,029 

2.158 

2,290 

2,423 

2,560 

2,698 

2,841 

2,985 

3.132 

3,282 

3.436 

3,592 

3,753 

3.916 

4,083 

4.253 

4.428 

4,608 

4.792 

4,981 

5,174 

5,372 

5,576 

5,786 

6,002 

6,224 

6,453 

6,690 

6,934 

7,186 

>7.448 

7.718 

8,000 

8,292 

9,954 
12,101 
15,130 
20 ,; 




TABtES 


389 


SINES AND TANGENTS 


Dcgs. 

Sine. 

Tsngent 


Degs. 

— 

Sine. 

Tangent. 


O 

•00000 

•00000 

90 

46 

•71934 

' i ;03553 

44 

I 

•01745 

01746 

. 89 ; 

47 

! 73 I 35 

1^07237 

43 

2 

•03490 

03492 

88 

• 48 

•74314 


42 

3 

•05234 

•05241 

87 

49 * 

•75471 

1-15037 

41 

4 

•0697 b 

•06993 

86 

50 

•76604 

119175 

40 

5 

•08716 

•08749 

85 

51 

•77715 

1-23490 

39 

6 

•10453 

•I0510 

84 

52 

•78801 

1*27994 

38 

7 

•12187 

•12278 

83 

53 

•79864 

i '*32704 

37 

8 

•13917 

•14054 

82 

54 

•80902 

1-37638 

36 

9 

*15943 

•15838 

8r 

55 

•81915 

1-42815 

35 

lO 

•17395 

•17933 

80 

59 

•82904 

1-48256 

34 

II 

•19081 

•19438 

79 

57 

•83867 

1-53987 

"33 

12 

•20791 

•21256 . 

78 

58 

•84805 

1-60033 

32 

13 

•22495 

•23087 

77 

59 

■85717 

1*66428 

31 

14 

•24192 

•24933 

76 

60 

•86603 

1-73205 

30 

15 

•25882 

•26795 

75 

61 

•87462 

I -80405 

29 

I6 

•27564 

•28675 

74 

62 

•88295 

I -88073 

28 

17 

•29237 

•30573 

73 

93 

•89101 

1-96261 

27 

i8 

•30902 

•32492 

72 


•89879 

2-05030 

26 

19 

•32557 

•34433 

71 

95 

•90631 

214451 

25 

20 

•34202 

•36397 

70 

66 

•91355 

224604 

24 

21 

•35837 

•38386 

99 

67 

•92050 

2-35585 

23 

22 

•37491 

•43403 

68 

68 

•92718 

2-47509 

22 

23 

•39073 

•42447 

97 

69 

•93358 

2 *60509 

21 

24 

•40674 

•44523 

66 

70 

•93999 1 

2 74748 

20 

25 

•42262 

•44931 

95 

71 

94552 

2-90421 

19 

2b 

*43837 

•48773 

64 

72 

•95106 

3-07768 

18 

27 

•45399 

•50593 

63 

73 

•95930 

3-27085 

17 

28 

•46947 

•53171 

62 

74 

•96126 

3-48741 

16 

29 

•48481 

•55431 

61 

75 

•96593 

3-73205 

15 

30 

•50000 

•57735 

60 

76 

•97030 

4*01078 

14 

31 

•51504 

•60086 

59 

77 

■97437 

4*33148 

13 

32 

•52992 

•64^487 

58 

78 

•97815 

4-70463 

12 

33 

•54494 

•64941 

57 

79 

•98163 

5*14455 

II 

34 

•55919 

•67451 

59 

80 

•98481 

5-67128 

10 

35 

•57358 

^ -70021 

55 

81 

•98769 

6-31375 

9 

39 

•58779 

’ -72654 

54 

82 

•99027 

7-11537 

8 

37 

1 *60182 

•75355 

53 

83 

•99255 

814435 

7 

38 

•61566 

•78129 

52 

84 

•99452 

9-51439 

6 

39 

*62329 

•80978 

51 

85 

•99619 

1 1 -43005 

5 

40 

•64279 

•83910 

50 

86 

•99759 

14-30067 

4 

41 

•65606 

•S6929 

49 

87 

•99863 

19-08114 

3 

42 

•66913 

•90040 

48 

! 88 

•99939 

28-63625 

2 

43 

•68200 

•93252 

47 

i 89 

•99985 

57-28996 

I 

44 

•69466 

96599 

40 

90 

I *00000 

Infinite 

o 

45 

, ‘70711 

I -ooooo 

45 ' 





- 

Cosine. 

Contsng«n.t. 

Degs. 


Cosine. 

ContAngenl. 

Degs. 


COSINES AND CONTANGENTS 
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LOGAfUTHMS 


No. 

.®" ! 

1 

2 

3 j 

4 

r 

5 

6* 

7 

8 

9 

10 

oooo 

0043 

0086 

<Jt 2 S 

0X70 

0212 

0253 

0294 

0334 

0374 

11 

0414 

0453 

0492 

0531 

0569 

0707 

0645 

0682 

0719 

0755 

12 

0792 

0828 

0864 

0899 

0934 

0969 

1004 

1038 

1072 . 

1106 

13 

1139 

*173 

1206 

1239 

1271 

1303 

1335 

i 3 t >7 

1399 

2430 

14 

1461 

1492 

1523 

1553 

1584 

1614 

1644 

1673 

1703 

1732 

i% 

1761 

1790 

1818 

1847 

1875 

1903 

1931 

1959 

I 9 f 7 

2014 

10 

*041 

2068 

2095 

2122 

2148 

2175 

2201 

2227 

2253 

2279 

17 

'*304 

2330 

1355. 

2380 

2405 

2430 

2455 

2480 

25 P 4 

2529 


2*3 

2577 

2601 

2625 

2648 

2672 

2695 

2718 

2742 

2765 

19 

2^8 

2810 

2833 

2856 

2878 

2900 

2923 

2945 

2967 

2989 

20^ 

3010 

3032 

2054 

3075 

3096 

3118 

3139 

3160 

3181 

3201 

21 

3222 

3243 

3263 

3284 

3304 

3324 

3345 

3365 

3385 

3404 

22 

3424 

3444 

34<34 

3483 

3502 

3522 

3541 

3560 

3579 

3598 

23 

p6i7 

3636 

3655 

1 3574 

3692 

3711 

3729 

3747 

3766 

3784 

24 

3802 

3820 

3838 

3856 

3874 

3892 

3909 

3927 

3945 

3962 

25 

3979 

3997 

4014 

4031 

4048 

4065 

4082 

4099 

4116 

4133 

26 

4150 

41O6 

4183 

4200 

4216 

4232 

4249 

4265 

4281 

4298 

27 

4314 

4330 

4346 

4362 

4378 

4393 

4409 

4425 

4440 

4456 

2S 

4472 

4487 

4502 

4518 

4533 

4548 

4564 

4579 

4594 

4609 

29 

4624 

4639 

4654 

4069 

4683 

4698 

4713 

4728 

: 4742 

4757 

30 

4771 

4786 

4800 

4814 

4829 

4843 

4857^ 

4871 

4880 

4900 

31 

4914 

4928. 

4942 

4955 

4969 

4983 

4997 

5011 

5024 

5038 

32 

5051 

5065 

5079 

5092 

5105 

5119 

5132 

5145 

5159 

5172 

,33 

5185 

5198 

5211 

5224 

5237 

5250 

5263 

527 ^> 

! 5289 

5302 

34 

5315 

5328 

5340 ^ 

'5353 

5366 

5378 

5391 

5403 

541^ 

5428 

35 

5441 

5453 

54C5 

5478 

5490 

5502 

5514 

5527 

5539 

5551 


■5513 

5575 

5557 

5599 

5611 

5623 

4^35 

5647 

5658 

5^70 

37 

5*82 

5694 

*5705 

4717 

5729 

5740 

5752 

5763 

5775 

5786 

38 

5798 

5809 

5821 

5832 

5843 

5855 

586G 

5877 

5888 

5899 

39 

5911 

5922 

5933 

'5944 

5955 

5966 

5977 

5988 

5999 

6010 

40 

6021 

6031 

6042 

6053 

?)oG 4 

6075 

6085 

6096 

6107 

6117 

41 

6128 

6138 

6149 

6160 

6170 

6180 

G191 

6201 

: 6212 

G222 

42 

6232 

6243 

6253 

6263 

6274 

6284 

6294 

6304 

^314 

6325 


6335 

^>345 

6355 I 

6365 

^>375 

6385 

6395 

6405 

6415 

6425 


6435 

6444 1 

6454 

6464 

6474 

6484 

6494 

6503 

6513 

6522 

45 

6532 

6542 

6551 * 

6561 

6571 

6580 

6590 ; 

6599 

6609 

6618 

46 

6628 

6637 

6646 

6656 

6665 1 

6675 . 

, 6684 

6693 

6702 

6712 

47 

6721 

6730 

6739- 

6749 

6758 1 

6767 

6776 

6785 

6794 

6803 

48 

6812 

6821 

6830 

6839 

0846 ! 

6857 

6866 

6875 

6884 

6893 

49 

6902 

6911 

O920 

6928 

(>937 

6946 

6955* 

6964 

6972 

8681 

50 

6990 

6998 

7OD7 

7016 

7024 

7033 

7042 

7050 

’7059 

7067 

51 

7076 , 

7084 

7093 

7101 

7110 

7118 

7126 

7135 

7143 

7152' 

52 

7160 

7108 

7177 

7185 

7193 

7202 

7^10 

7218 

7226 

7235 

*53 

7243 

7251 

*7259 

7267 

7275 

72S4 

7292 

2300 

7308 

7319 

54 

7324 

7332 

7340 

7348 

7356 

7364 

7372 

— 

7380 

7388 

7396 



TABLES m 


LOGARITHMfi-^XM/oW 


No. 

0 

1 


3 

4 

- -»■ 

5 

6 

7 

8 

9 

55 

7404 

7412 

7419 

7427 

7435 . 

7443 

•7451 

7459 

7466 

7474 

56 

7482 

7490 

7497 

7505 

7513 

7520 

7528 , 

7536 

7543 

755 * 

57 

7559 

7566 

7574 

7582 

7589 

7597 

7604 

7612 

7619 

7627 

5 $ 

7634 

7642 

7649 

7657 

7664 

7672 

7679 

7686 

7694 

7701 

59 

7709 

7716 

7723 

7731 

7738 

7745 


7766 

7767 

7774 

60 

7782 

7789 

7796 

7803 

7810 

7818 

7825 

7832 

7839 

7846 

61 

7853 

7860 

7868 

787s 

7882 

7889 

7896 

7903 

7910 

7917 

62 

7924 

7931 

7938 

7945 

7952 

7959 

7966 

7973 

7980 

7987 

63 

7993 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

8048 

8055 

64 

8062 

8069 

8075 

8082 

8089 

8096 

8102 

8109 

8116 

8122 

65 

8129 

8136 

8142 

8149 

8156 

8162 

8169 

8176 

8182 

^189 

66 

S195 

8202 

8209 

‘ 8215 

8222 

8228 

8235 

8241 

8248 

8254 

67 

8261 

8267 

8274 

8280 

8287 

8293 

8299 

8306 

8312 

83*9 

68 

8325 

8331 

8338 

8344 

8351 

8357 

83^>3 

8370 

8376 

8382 

69 

8388 

8395 

8401 

8407 

8414 

8420 

8426 

8432 

8439 , 

8445 

70 

8451 

8457 

8463 

8470 

8476 

8482 

8488 

8494 

8500 

8506 

71 

8513 

8519 

8525 

8531 

8537 

8543 

8549 

8555 

8561 

85<^7 

72 

8573 

8579 

8585 

8591 

8597 

8()03 

8609 

8615 

8021 

8627 

73 

8033 

8639 

8645 

8651 

8657 

86O3 

8669 

8675 

8681 

8(>80 

74 

8692 

8698 

8704 

8710 

8716 

8722 

8727 

8733 

8739 

8745 

75 

8751 

8750 

8762 

8768 

8774 

8779 

8785 

8791 

8797 

8802 

76 

8808 

8814 

8820 

8825 

8831 

8837 

8842 

8848 

8854 

8859 

77 

8865 

8871 

8876 

8882 

8887 

8893 

8899 

8904 

8910 

8915 

78 

8921 

8927 

8932 

8938 

8943 

8949 

8954 

8960 

1 8965 

8971 

79 

8976 

8982 

8987 

8993 

8998 

9004 

9009 

9015 

9020 

9025 

80 

9 « 3 i 

9036 

9042 

9047 

9053 

9058 

9063 

9069 

9074 

9079 

81 

9085 

9090 

9090 

9101 

9106 

9112 

9117 

9122 

9128 

9*33 

82 

91 3 « 

9143 

9149 

9154 

9159 

i 9 it >5 

9170 

9175 

9180 

9180 

83 

9191 

9 i 9 t> 

9201 

920() 

9217 

9212 

9222 

9227 

9232 

1 9238 

84 

9-^43 

1 9248 

9253 

9258 

9202 

9203 

9274 

9279 

9284 

9289 

85 

9294 

9299 

9304 

9}09 

93*5 

1 9320 

9325 

9330 

9335 

9340 

86 

9345 

9350 

9355 

93 (>« 

93<^'5 

! 9370 

9375 

9380 

9385 

9390 

87 

9395 

9 ii>o 

9405 

9410 

9415 

9420 

9425 

9430 

9435 

9440 

88 

9445 

9450 

9455 

9460 

9465 

94 t >9 

9474 

9479 

9484 


89 

9494 

9499 

9504 

9509 

9513 

95*8 

9523 

9528 

9533 


90 

9542 

9547 

9552 

9557 

95O2 

95 t ^0 

957 * 

95 7 ^-^ 

9581 

9586 

91 

9590 

9595 

9O00 

9(^05 

9609 

9614 

9619 

9624 

9O28 

9633 

92 

9638 

9643 

9047 

9052 

9O57 

900 1 

! 9060 

9671 

9*75 

9680 

93 

9685 

9689 

9694 

9099 

9703 

9708 

9713 

97*7 

9722 

9727 

94 

973 ^ 

9736 

9741 

9745 

9750 

9754 

9759 

97^5 

9768 

9773 

95 

9777 

9782 

9786 

9791 

9795 

9800 

! 9805 

9809 

9814 

9818 

96 

9823 

9827 

9832 

9836 

9841 

9845 

9850 

9854 

9859 

9863 

97 

9868 

9872 

9877 

9881 

9886 

9890 

9894 

9899 

9903 

9908 

98 

9912 

9917 

9921 

9926 

9930 

9934 

9939 

9943 

9948 

9952 

99 

995 (> 

990 1 

99(>5 

9969 

9974 

9978 

9983 

9987 

9991 

9996 
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Fbemanent Lighting-up ^Timks (on the safe side of the law), 

Isia, Feb, March. April. May. June. July. Aug. Sept. Oct. Nov. Dec, 
5.0 5.40 6.40 7.30 8.20 9.0 9.15 8.40 7.40 6.30 5.30 4‘50 

5.10 6.0 6.50 7.40 8^30 9. ict 9.1b 8.30 7.10 6.10 5.10 4.50 

5.20 6.20 7.10 8.0 8.40 9.15 9.0 8.10 6.50 5.50 5.0 4.^0 

5.30 6.30 7.20 8.10 8.50 9.15 8.50 7.50 6.40 5.40 4.50 4.50 

The top line of figures relates to the first week of the month, etc. 


Kg. 

= lb. 

Kg. 

lb. 

Kg- 

= Cwt, 

lb. 

Kg. 

= C\»t. 

lb. 

’■ 1 

= 2-20 

20 

1= 4409 

100 

= I 

108 5 

2000 

= 39 

41 2 

2 

• 4-41 

30 

' 6614 

200 

3 

104-9 

3600, 



3 

- 661 

40 

88- 18 

300 

5 

I 0 I -4 

4000 

78 

82-5 


882 

50 

110-23 

400 

7 

97-8 

5000 

98 

47-1 

5 

1 1 02 

i 60 

132-28 

500 

9 

943 

6000 

118 

117 

6 

13-23 

70 

154-32 

600 

1 1 

90-8 

7000 

137 

88-4 

7 

1543 

80 

17637 

700 

13 

87-2 

8000 

157 

53-0 

8 

17-64 ' 

90 

198-42 

Soo 

15 

837 

9000 

177 

176 

& 

19-84 

100 

226-46 

9C0 

17 

8o-2 

10,000 

196 

94-2 

10 

2205 



POOO 

19 

76 6 






PRICE EQUIVALENTS (Francs) 


Shillings to 

j Francs to 

* Sbcs. per ft. to Frs. I 

Frs. per m 

to Shgs. 

Francs. 

1 Shillings. 

per 

m. j 


per ft. 

s. 


./>. ... 

s. 

>- 

A. 


s. 

100 *- 

12610 

100 = 7929 1 

10 = 

41'37 

10 

= 

2-42 

200 - 

252-20 

1 200 158-58 ; 

20 — 

8274 

20 

■= 

483 

300 ^ 

37830 

1 300 'r- -237-87 

30 ^ 

124 II 

30 

= 

7-25 

400 - 

504-40 

1 400 - 31716 

40 =:^ 

165-49 

40 

— 

967 

500 = 

630-50 

500 = 396-46 

50 = 

206-86 

50 


12-09 

600 = 

756-60 

600 -r 475-75 

60 — 

248-22 ! 

60 


1450 

700 - 

882-70 * 

! 700 = 555-04 

70 

269 60 j 

70 


16-92 

800 ^ 

1008-80 

800 = 634-33 

80 - 

33097 

80 


1934 

900 ~ 

1134 90 

900 713-62 

90 ^ 

372-34 1 

90 


21-75 

1000 — 

1261-00 

i 1000 — 792-^1 

lOO — 

4137X 

100 

— 

24- 1 7 


Shgs. per yd. to Frs. 

Frs. per m. 

to bhf ' if . i 

Sh^. per sq. ft. to Frs. j 

Frs. per s(i. m. to S. 

• per m. 

per yd. j 

per sq. m. 

per sq. ft. 

J. 

A- 

A- . 

s . 

8 -, y-r. i 

. /r. 

10 = 

1379 

10 = 

7-25 

lo = 135-73 1 

10 - 0-74 

20 = 

2758 

20 — 

14-50 

20.^,271-47 1 

20 1-47 

30 = 

41-37 

30 = 

21-75 

30 ■-- 407-20 i 

30 = 2-21 

40 ^ 

5516 

40 == 

2901 

40 - 542-93 

40 = 2-95 

50 = 

68-95 

50 - 

36-26 

50 = 6786^ 1 

50 = 3*68 

60 = 

8274 

60 = 

43 - 5 > 

60 = 814-40 1 

60 == 4*42 

70 

96-53 

' 70 = 

50-76 

70 = 950-13 ! 

70,= 516 

80 =. 

110-32 

80 = 

58-01 

80 “ 1085-86 I 

80 - 5-89 

90 = 

124-11 

p go = 

65-26 

90 = 12:^1-60 ! 

90 = 6-63 

100 = 

137.90 > 

100 = 

72-51 

100 = 1357-33 4 

100 = 7-37' 
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PRICE EQUIVALENTS (Francs) 

• <, 

Continued 


Shgs. per sq. yd. to i 
Frs. per sq. m. | 

j Frs. per sq. m. to 
Shgs. persq. yd. 

Shgs. per c. ft. to Fr*. 
per cub. metre. 

Frs. ptk c. m, to Shgi 
per cub. ft. 

s. 




s. 1 

s. 

/r. . 

A* 

s. 

10 = 

15 08 i 

10 

= 

663 

10 

= 445-32 

lOO = 

2-2S 

20 — 

30- 16 

20 


13-26 

20 

= 89064 

200 = 

4*49 

30 ^ 

45-24 

30 


1989 

30 

= 1335-96 

300 = 

6-74 

40 ^ 

6 o -33 

40 

= 

2652 ! 

40 

- i7Jjr-28 

400 = 

8 - 9 * 

50 = 

75-4 > 

50 


33*5 

50 

= 2226*60 

500 — 

11-2^ 

60 =- 

90-49 

60 

= 

39-78 

60 

= 2671*92 

i 600 = 

i 3'47 

70 ^ 

105-57 

70 

= 

46-42 

70 

= 3 II 7'24 

700 = 

1572 

80 =: 

120-65 

80 

— 

53-04 

So 

3562 J6 

800 = 

1^96 

90 

13573 

90 

= 

59-68 

90 

= 4007-88 

900 = 

20-21 

100 = 

150-82 

100 

~ 

66-31 

100 

= 4453*20 

1000 « 

22*46 


igs. per Gall, to Frs. 
per Hectolitre. 

Frs. per Hectolitre to 
Shgs. per Gall. 

Shgs. per lb. to Frs. 
per Kilog. 

Frs. per 
Shgs. 

Kilog. to 
per lb. 

s. 


y>*. 

. •>■* 

s. 


A* 


s. 

I ~ 

2774 

100 = 

3-61 

10 = 

27-80 

10 


3-60 

2 - 

55-48 

200 = 

7-21 

20 = 

55-60 

20 


7-19 

3 - 

«3*22 

300 = 

10 82 

30 --r 

83-40 

30 

= 

10-79 

4 = 

110-96 

400 = 

14*42 

40 = 

1 1 1-20 

40 

=: 

14*39 

5 = 

138-69 

500 

1803 

50 = 

13900 

50 

= 

17-99 

6 ^ 

166-43 

600 -- 

21-63 

60 = 

i66-8o 

60 

— 

21 58 

7 2= 

194-17 

700 - 

25-24 

70 ^ 

194-60 

70 

- 

25-18 

8 ^ 

221-91 

800 

28 84 

80 

222-40 

80 


28-78 

9 = 

24965 

900 

32-45 

90 = 

250-20 

90 

= 

3237 

10 — 

27739 i 

1000 = 

36 05 

100 = 

278-00 

100 

= 

35*97 


Sh^;s. per cwt. to Frs. 
per loo Kilog. 


s. 

fr. 

10 — 

24-82 

20 ~ 

49;64 

30 =r 

74*46 

40 = 

99.29 

50 = 

124*11 

60 = 

148-93 

70 

173*65 

80 = 

198*57 

90 = 

223-39 

100 = 

248*22 


I'Vs. per roo Kilog. to 
Shgs. per cwt. 

fr. s, 

lo --- 4 03 

20 — 806 

30 — 1209 

40 — 161I j 

50 *“ 20- 14 

60 = 24- 1 7 

70 - 28 20 

80 = 3223 

90 = 3626 

100 4029 j 


10 — 

II-I 3 

20 - 

22-27 

30 = 

33*40 

40 

44-53 

50 

55-66 

60 = 

66-80 

70 - 

77-93 

80 = 

89-06 

90 = 

100-20 

100 = 

111*33 


/r. 

.r. 

10 = 

898 

20 — 

17*96 

30 = 

26 -95 

40 

35*93 

50 r= 

44-91 

60 = 

53-89 

70 -= 

62 -88 

80 = 

71-86 

90 rr 

80-84 

100 — 

89*82 


It. 

Frs. per cub. m. 


Shgs per 40 




y>-. 


19 
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PRICE EQUIVALENTS (Marks) 


Shillings to 
Marks. 

1 Marks to 

j Shillings. 

Shgs. per ft. to Marks 
per m. 

Mk*. per m. tcf 
Shgs, per ft. 

.y. m. pf. 

m. s. 

s. 


;//. pf. 

1 m. 


100 - 102-00 

100 — 9804 

< 10 

= 

33-46 

10 = 

^•99 

200 -- 204 00 

200 = 19608 

20 


60.93 

20 = 

5-98 

300 - - 306 00 

300 ~ 294- 12 

30 


100-39 

30 = 

897 

400 - '40S 0O 

400 = 392- 16 

40 


133-86 

40 = 

11-95 

SOO = ^ 5 10-00 i 

500 ~ 490 20 

50 

= 

167-32 

50 = 

14-94 

So© = 61200 

600 = 58824 

60 


200-79 

60 = 

17-93 

700 = 71400 

700 — 686-28 

70 


234-23 

70 

20-92 

800 = 81600 

800 ~ 784-31 

80 

= 

26772 

80 = 

23-91 

900 = 91800 

900 = 882-35 

go 


301 18 

90 = 

26-89 

1000 ^ 1020 00 

1000 ~ 9^^0 39 

100 


334-65 

100 « 

29-88 


Shgs. per yd. to Marks 

Mks. per m. to Shgs. 

! Shgs. per sq. ft. to 

Mk4. per sq. m. to 

per m. 

per yd. 

j Mks. per sq. m." 

S. per sq. ft. 

m. Pf 

w. s. 

s. 

m, pf 

m. s. 

10 = 

IM 5 

10 = ' 8-96 

10 - 

109-79 

^ 10 0-91 

20 = 

22-31 

' 20 = 

17-93 

20 = 

219.58 

20 = 1-82 

30 = 

' 33-46 

30 - 

26-89 

30 - 

329-38 

30 = 2-73 

t 40 = 

44-62 

40 = 

. 35-86 

40 - 

439-17 

40 = 3 64 

50 •= 

55-77 

50 ' 44-82 

50 = 

54896 

50 = 4-55 

60 = ' 

66-93 

60 — 

53-79 

00 

658-75 

60 = 5-46 

70 = 

7808 

70 

62 75 

70 = 

768-54 

70 = 638 

^80 

89-24 

80 — 

71-72 

80 - 

87833 

80 - 7-29 

90 '=* 100-39 j 

^ 90 “ 

Xo.68 

90 = 

988-1^ 

90 — 8-20 

100 > 111-55 ' 

100 ~ 89-65 

100 — 

1097-92 

100 — 91 1 


igs. per sq yd. to 
Marks per sq. m. 


s. 

M. pf. • 

10 = 

12-20 

20 - 

24-40 

30 = 

36-60 

40 - 

48-80 

50 = 

61 00 

60 = 

73-20 

70 

85-39 

80 = 

97-59 

90 = 

109.79 

100 = 

121-99 


Mks. per 

sq. m. to 

Shgs. per sq. yd. 

tn. 

.s. 

10 = ’ 

* 8-20 

20 = 

16-40 

30 -• 

24-59 

40 = 

3279 

50 = 

40-99 

60 = 

49.18 

70' = 

57-38 

80 = 

65.58 

90 

73-78 

loo = 

8197 


Shgs. perc. ft. to Mrks. 
per cub. metre. 

j. m. pf. 

10 - 360-21 
20 =n 72 a -42 I 
30 = 1080-63 
40 ™ 1440-84 
50 — 1801-06 
to — 2161-27 
70 2521-48 

80 - 2881-69 
90 = 3241 - 90 * 
100 — 3602-11 


Mks. perc. m. to Shgs 
per cub. ft. 

m. s. 

100 - 2-78 

200 -- 5-55 

300 = 8-33 

^ 400 — Il-IO 

500 = 13-88 

600 - i6-66 

700 ^ 19-43 

800 - 22-21 

900 ~ 24-99 

logo := 2776 
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PRICE EQUIVALENTS (Marks) 

Continued ^ 


ihgs. per Gal. to Mks. 

Mks. per liectolitre4to 

.Sh^s. per lb. to Marks 

Marks per Kilog. to 

per Hectolitre. 

Shga. per Gallon. 

^ per Kilograp’. 

.Shillings per Tb. 

s . m . pf . 

1 

jr. 

1 s . 

m . pA 

m . 

s. 

1 = 22 44 

100 ~ 

4-46 

1 10 - 

22-49 

ro = 

4*45 

2 = 44-87 

200 -- 

8-91 1 

j 20 - 

‘ 44-97 

20 = 

8-89 

3 -= 67-3> 

300 -r 

1337 1 

30 - 

67.46 

30 

* 3*34 

4 = 89-75 

400 = 

17-83 

40 =- 

89*95 

40 

17*79 

5 -- 112 -19 

500 

22-28 

50 

112-44 

50 - 

22-23 * 

6 = 134-62 

600 -- 

26-74 

60 “ 

134*92 

60 ~ 

26*68 

7 = 157-06 

7CX) 

31-20 

70 -- 

157*41 

70 = 

31*13 

8 = 179-50 

800 - 

35-65 

' 80 - 

179-90 

80 = 

35*58 

i ) — 201 *94 

900 ~ 

40-11 

i 90 - 

202-38 

90 

46-02 

10 = 224-37 

1000 -- 

44 57 

1 100 - 

224-87 

ICO - 

44*47 








Itags. per cwt. to Mrks. Mks. per 100 Kilog. to'Shillings per 40 cub. ft. 

1 Mrks. per 

cub. ni. to 

per 100 Kilog. 

1 .Shillings per cwt. : 

to Mrks. per cub. m 

Shgs. per 40 cub. ft. 

j. ut. pf. 

1 7/7, 

1 

S. 1 


m. //. 


V. 

10 -= 20-o8 

10 — 

4-98 

10 — 

901 

* 10 -- 

II-IO 

20 - 40-16 

i 20 - 

9.96 

20 - 

iS-OI 

20 — 

22-21 

30 ^ 60-23 

30 = 

14-94 

30 = 

27-02 

30 - 

33*31 

40 - 80-31 

40 

19.92 

40 - 

36-02 1 

40 2= 

44-42 

50 - 100*39 

50 - 

24.90 

50 - 

45-03 

50 - 

55*52 

t)0 — 120-47 

60 = 

29.88 

60 ~ 

54-03 

60 - 

66-63 

70 140-54 

70 = 


70 ^ 

03 04 

70 = 

77*73 

80 - 160-62 

80 

39.84 : 

80 - 

72-04 

80 - 

88-84 

90 = 180-70 

90 

44-83 

90 - 

81-05 

90 - 

99*94 

100 ~ 200-78 

100 - 

49 -8 1 

100 - 

9005 

100 — 

111-05 


MOTOR-CAR LAWS 

to 1861, motor-cars were simply carriages. 

1861. — Locomotive Act limited weight to 12 tons, width to 7 ft., speed to 
10 m.p.h. and fixed tolls. 

1865. — Amendment : introduced Red Flag at 60 yards and gave local authori- 
ties power to limit hours of use in their aieas. On Expiring Laws 
Continuance Act. 

1S73. — Select Committee’s Report. 

1878. — AmerjMment: abolished Red Flag but retained a man at 20 yards. 
1896. — Locomotives on Highways Act ; emancipated motor-cars under ; tons 
from 1861 Act. 

Speed limit 14 m.p.h. Additional excise. Local Government Board 
Powers. 

Select Committee appointed on Locomotive Act. 

1898. — Locomotive Act. Limited trailers to 3 plus i water cart, revoked 
local authorities’ powers. 

1903. — Motor-car Act. Speed limit 20 m.p.h. Registration. Licensing. 

Now on Expiring Laws Continuance Act. 

1904, — Local Government Board Heavy Motor-car Order classified motor- 

cars, up to 2 tons and above. 
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Summary. 

There are now four classes of motor-cars^ — 

Class I. — Heavy locomotiv\‘s (exceeding 14* tons or 9 ft, in width by 
special permission only). 

Class 2. — Ordinary locomotives (not exceeding 14 tons or 9 ft. in width). 
Class 3. — Heavy motor-cars (from 2 to 5 tons). 

Class 4. — Ordinary motor-cars (not exceeding 2 tons). 

* 

Restrictions on the Classes. 

Classj?s I and 2. — Speed, country, 4 m.p.h. ; towns, 2 m.p.li. Tyres, 
2 in. width per ton except diameter exceed 5 ft. 

• Attendants, 2 drivers, i assistant per three trailers. 

Class 3. — Loads, unladen, 5 Ions, plus trailer, 6^ tons ; loaded, 12 tons ; 
axle weight, 8 tons ; axle weight trailer, 4 tons. Width, 7 ft. 2 in. 
under 3 tons ; 7 (t. 6 in. above 3 tons. Wheels minimum diameter, 
f2 ft. except rubber tyrei,. Iron tyres, ^ in. per Ion axle weight, 
minimum 5 in. 

Speed. — 

5 m.p.h. if above 7 tons or 6 tons axle weight or has a trailer. 

8 m.j>.h. if above 6 tons axle weight with rubber tyres. 

12 m.p.h. if less than 6 tons axle weight with rubber tyres. 

Toll. — I car— 1 horse. Trailers, i wheels i horse. 

Class 4. — Width 7 ft. 2 in. Speed 20 m.p.h. Reverse g^ar if above 5 cwt. 


Motor Cycles. 

No legal definition, but acc^^^ted as a motor-car with three wheels and under 
3 cwt. I-s also considered a.^ a carriage. 


Motor cycles must show a red tail light. 

Yearly Excise Duty on Ordinary Motor-cars. (Pny at ih^st Olficc.) 

Less than 4 wheels, 15.S. Not excQpding 1 ton, £2 2s. Not exceeding 
2 tons, £4 4.S'. Exceeding 2 ton.s,*;^5 5^. Chaiitfeur (as a manservant), 15^. 
Coat of Arms (except Club Badge), £2 2s. 


1909 Budget— 

£ 

s. 

d 


£ 

S. 

d. 

. Under 6^ h.p. 

2 

2 

^ 1 

Under 33 h.p. 

8 

8 

0 

„ uh.pi 

3 , 

3 

0 i 

„ 40 h.p. 

. CO 

10 

0 

,, 16 h.p. 

n 

4 

0 

,, Oo h.p. 
Over 60 h.p. 

21 

0 

0 

,, 26 h.p. 

6 

6 

0 

. 42 

0 

0 


Rating of power is by R.*A.C. formula: bore x bore x cylinders -r 2 ‘5, e.g. 
a 4 cyl. engine of 4-inch bore is rated at 4 / 4 x 4 - 2’5 - 2^*6 h p. and pays 
the four-guinea lax. 


Taxes. Local Au|,horily.) 

Driver’s licence, 5^. f)er annum. Registration fee, csix, £i ; gycle, 5.V. : once 
only. Change of ownership, registration fee, car, 5^'. ; cycle, 1.?. 
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• MOTOR-GARS ABROAD 

Speed Limits. 

France. — 30 k.p.h., country, 29 ^.p.h., vicinity of brildings, 
Austria-Hungary. — 45 k.p.h., country ; 15 k.p.h., tcwns. 

Belgium. — 30 k.p h., country ; 10 k.p.h., towns. 

Denmark, — 30 k.p.h-, country ; 15 k.p.h., Copenhagen. 

Germany.— 15 k.p.h. at night. 

Holland. — 19 k.p.h., country ; 13 k.p.h., towns. 

Italy. — 40 k.p.h., country ; 12 k.p.h., towns. 

Switzerland. — 30 k.p.h., country ; 9J k.p.h., towns. 

Rule of the Road. 

As in England, — Austria-Hungary (except Carniola and Dalmatia), Portu- 
gal, Spain. 

Elsewhere, — Keep to the right, pass on the left. 


PETROL STORAGE REGULATIONS 

[Clauses Nos, 4 to 7. These clauses do not apjdy if a licence for the store- 
house is obtained from the Lofcal Authority. A licence is essential if petrol 
is stored for sale.] 

4. Where a storehouse forms part of, or is attached to another building, 
and where the intervening floor or partition is of an unsubstantial or highly 
inflammable character, or has an opening therein, the whole of such building 
.shall be deemed to he the storehouse, and no portion of such storehouse .shall 
be used as a dwelling or as a place where persons assemble, A storehouse 
shall have a .separate entrance from the open air distinct from that of any 
dwelling or building in which persons assemble. 

5. The amount of petroleum spirit to be kept in any one storehouse 
whether or not upon light locomotives, shall not exceed 60 gallons at any one 
time. 

6. Where two or more storehouses are in the same occupation and are 
situated within 20 ft. of one another, they shall for the purposes of these 
Regulations be deemed to be one and the same storehouse, and the maximum 
amount of petroleum spirit prescribed in the foregoing Regulation shall be the 
maximum to be kept in all such storehouses taken together. Where two or 
more storehouses in the same occupation are distant more than 20 ft. from one 
another, thd maximum amount shall apply to each storehouse. 

7. Any person who keeps petroleum spirit in a storehouse which is situated 
within 20 ft. of any other building, whether or not in his occupation, or of any 
timber stack or other inflammable gooils not owned by him, shall give notice 
to the Local Authority under the Petroleum Acts for the district in which he 
is keeping such petroleum spirit, that he is so keeping petroleum spirit, and 
shall renew such notice in the month of January in each year during the con- 
tinuance of such keeping, and shall permit any duly authorized officer of the 
Local Authority to inspect such petroleum spirit at any reasonable time. 
This Regulation shall not apply to petroleum spirit kept in a tank forming 
part of a light locomotive. 
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THE INDEX MARKS ALPHABETICALLY 
ARRANGED ' 

Compiled by the Touring Dipai tvient of the Royal Automobile Club, 


A London. 

A Hampshire. 

A ft Worcestershire. 

A C Warwickshire. 

A 1> Gloucestershire. 

* A F- Bristol. 

A F Confwall. 

A H Norfolk. 

A I Meath. 

A J Yorkshire, North 
Riding. 

A K Bradford (Yorks. ). 
A L Nottinghamshire. 

A M Wiltshire. 

A N West Ham. 

A O Cuml>erland. 

A P Ea^t Sussex. 

A R Hertfordshire. 

A S Nairn. 

A T Kingston - upon - 
Hull. 

A U Nottingham. 

A W Salop. 

A X Monrnouthshire. 

A Y Leicestershire. 

B Lancashire. 

B A Salford. 

B II Newcastle-on-Tyne 
B C Lei?ester. 

B D Nortlfamptonshir-e. 
B E Lincolnshire, parts 
of Lindsey. 

B H Buckinghamshire. 

B I Monaghan. 

B J East Suffolk. 

B K Portsmouth. 

B li* Berkshire. 

B M Bedfordshire.* 

B N Bolton. 

B O Cardiff. 

B P West Su.ssex. 

B R Sunderland. 

B S Orkney. 

B T Yorkshire, East 
Riding. 

B U Oldham.* 

B^ W Oxfordshire. 

B*X Carmarthenshire.!^ 
B Y Croydon. 


C Yorkshire, West 
Riding. 

C A Denbighshire. 

C B Blackburn. 

C C Carnarvonshire. 
CT) Brighton. 

C E Cambridgeshire. 

C K West Suffolk. 

C H Derby. 

C I Queen’s County. 

C J Herefordshire. 

C K Preston. 

C L Norwich. 

C M Birkenhead. 

C N Gateshead. 

C O fdvmouth. 

C P Hkbfix. 

C R Southampton. 

C T Lincolnshire, parts 
of Kesteven. 

C U South Shields. 

C W Burnley. 

C X Huddersfield. 

C Y Swansea. 

* 

D Kent. 

D A Wolverhampton. 

D B Stockport. 

D C Middlesbrough. 

E Pembrokeshire. 

D H Walsall. 

D I Roscommon. 

DJ St.IIele 4 is(Lancs.). 
D K Rdchdale. 

D L Isle of Wight. 

D M Flintshire. 

D N York. 

D O Lincolnshire, ]>arts 
. of Holland. 

D P Reading. 

D R Devonport. 

D S Peebles. 

D U Coventry. 

D W Newport (Mon.). 

D X Ipswich. 

"D Y Hastings. 

F Staffordshire. 

F A West Bromwich. 

E B Isle of Ely. 


E C Westmorland. 

E D Warrington. 

E E Grimsby. 

E F West Hartlepoi^l. 

E H Stoke-on-Trent. 

E I Sligo. " 

E J Cardiganshire. 

E K Wigan. 

E L Bournemouth. 

E M Bootle. 

E N Bury. 

E O Barrow-in-Furness. 
E P Montgomeryshire. 
E S Perth. 

E T Rotherham, 

E U Brecon.shire. 

E W Huntingdonshire. 

E \ Great Yarmouth. 

E Y Anglesey, 

1' Esiex. 

F A Burtoh-on-Trent. 

F B Bath. 

F C Oxford. 

F D Dudley. 

F E Lincoln. 

E F Merionethshire. 

F H Gloucester. 

F k Tipperary, North 
Riding. 

F J Exeter. 

F K Worcester. 

F L Soke of Peter- 
borough. 

F M Chester. 

F N Canterbury. • 

F O Radnorshire. 

F P Rutlanrl. 

F R Blackpool. 

F T Tynemouth. 

D X Dorset. 

F Y Southport. 

» 

G Glasgow. 

H Middlesex. 

H A^Smethwick. 

H B Merthyr Tydvil. 

H C Eastbourne. 
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H D Dewsbury. 

H E Barnsley. 

H F Wallasey. 

H I Tipperary, South 
Riding. 

H S Renfrew. 

I A Antrim. 

I B Armagh. 

I C Carlow. 

I D Cavan, 

I E Clare. 

I F Cork. 

I H Donegal. 

I J Down. 

I K Dublin. 

I L Fermanagh. 

I M Galway. 

I N Kerry. 

I O Kildare. 

I P Kilkenny. 

I R King^s County. 

I T Leitrim. 

I U Limerick. 

I W Londonderry. 

I X Longford. 

I V Louth. 

I Z Mayo. 

J Durham. 

} I Tyrone. 

J S Ross and Cromarl 

Liverpool. 

I Waterford. 

S Roxburgh. 

L Glamorganshire. 
L A London. 

L B London. 

L C London. 


L D Eondon. 

L E 1-c^iion. 

L F London. 

L.H London, 
j L I Westmeath. 

L N London, 

L S Selkirk. 

1 M Cheshire. 

; M I Wexford, 

I M S Stirling, 
i M X Middlesex, 

N Manchester. 

N H Northampton. 

N I Wicklow. 

N S Sutherland. 

O Birmingham. 

G A Birmingham. 

O I Belfast (County 
Borough). 

O S Wigtown. 

, P Surrey. 

I P I Cork (County 
j Borough). 

I P S Zetland. 

R Derbyshire. 

R I Dublin (County 
Borough). 

R S Aberdeen (City). 

S Edinburgh. 

S A Aberdeen (County). 
S B Argyll. 

S D Ayr. 

S E Banff. 

S H Berwick. 


S/ Bute. 

S K Caithr ess- 
S L ’ Cl|i'*rkmannan. 

S M Durtifries* 

S N Dumbarton. 

I S Q Elgin. 

S P' Fife. 

S R Forfar. 

S S Haddington. 

S T Inverness, 

1 S U Kincardine, 
i S V Kinross. 

' S W Kirkcudbright. 

S X Linlithgow. 

S Y Midlothian. 

T Devonshire . 

T I Limerick (County 
Borough). 

T S Dundee. 

} U Leeds, 
i U I Londonderry 
i (County Borough), 

j U S Govan. 

I V Lanark. 

: V S Greenock. 

! W Sheffield. 

' W I Waterford (County 
I Borough). 

! W S Leith. 

I X Northumberland. 

! X S Paisley. 

V Somerset. 

' Y S Partick. 



MOTORING 


CARS BY GOaOS TRAIN 

{Compiled by the Touring J^epartment of the JRoyal Autoti^obik Club,) 

Complete motor-cars, uncharged, are conveyed by goods train. Each one 
is charged by weight, station to station. The following table shows the 
mileage and charges for each car from 5 to 500 miles, at company's risk : — 
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5 I 

145 

53 6 

265 

8s 6 

385 

117 6 

10" 

7 7 

150 

54 10 

270 

86 10 

390 

118 10 

15 

10 I 

155 

56 2 

' 275 

88 2 

395 

120 2 

20 

12 7 

160 

57 6 

280 

89 6 

400 

121 6 

25 

L 5 I 

165 

58 10 

28s 

90 10 

405 

122 10 

30 

17 7 

170 

60 2 

290 

92 2 

410 

124 2 

35 

20 I 

175 

61 6 

295 

93 6 

415 

125 6 

40 

22 7 

180 

62 10 

300 

94 10 

420 

126 10 

45 

25 I . 

185 

64 2 

305 

96 2 

325 

128 2 

50 

. 27 7 

190 

65 6 

310 

97 6 

430 

129 6 


29 2 

195 

60 10 

315 

98 10 

435 

130 10 

60 

30 6 

200 

, 68 2 

320 

100 2 

440 

132 2 

65 

31 II 

205 

69* 6 

325 

loi 6 

445 

133 6 

70 

33 3 

210 

70 10 

330 

102 10 

450 

134 10 

^ P a 

34 S 


72 2 

335 

104 ^2 

455 

136 2 

80 * 

36 0 

220 

•73 6 

340 

105 6 

460 

M 7 ^ ^ 

85 

37 5 

225 

74 10 

©45 

106 10 

465 

138 10 

90 

38 9 

230 

76 2 % 

350 

108 2 

470 1 

140 2 

95 

40 2 

235 

77 0 

355 

109 6 

475 

14 1 6 

100 

41 6 

240 

78 10 

560 

1 10 10 

480 

142 10 , 

los 

42 10 

245 

80 2 

365 

II 2 2 

485 

144 2 

410 

44 2 

250 

81 6 

370 

113 6 

490 

145 6 


45 6 

255 

. 82 10 

375 

II4 10 

495 

146 10 

120 

46 10 

260 

' 84 2 

380 

I 16 2 

500 

148 2 

125 

48 2 


. 





130 

49 6 







»35 

50 10 







140 

52 2 

• 







In the case of traffic tot^ondon the above mileage rates are applicable only 
to the Stations of the failway company carrying the traffic into London, and 
not beyond to any other London station, 
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. FOREIGN TOURING 

Information compiled by the Totp-ing Departmeiit of ihS Rdj al Automobile 
Club for the use of itieml>ers,.and reproduced by permission. 

This table is approximate only. Iif order to make it afe plain as possible, 
decimals have been avoided. 

CONTINENTAL CUSTOMS DUTIES 

DEPO.S1TS BASED ON WEIGHT 


Weu;ht. 


Franc k. 

Gkrmanv. 

Swn/ERI. 

AND. 

j Italy. 

1 Austria. 

cwts. 

kjfs. 

C 

s. 

d. 

frs. 

c 

s. 

d. 

c 

s. 

d. 

! frs. 

£ 

s. 

d. 

C 

s. d. 

5 

254 

10 

3 4 

. 254 

5 

0 

0 

4 

I 

8 

102 

8 

0 

0 

15 

5 0 

lu 

508 

15 

5 

0 

381 

0 

5 

0 

8 

7 

4 

203 

16 

17 

0 

24 

10 0 

U 

559 

16 

IS 

6 

420 

6 

17 

6 

8 

19 

8 

224 

16 

17 

0 

26 

19 0 

12 

OlO 

18 

0 

0 

4 S 3 

7 

10 

0 

9 

16 

0 

244 

16 

17 

0 

29 

8 0 

*3 

661 

19 

16 

6 

497 

8 

2 

6 

10 

12 

4 

26:; 

16 

17 

0 

31 

17 0 

14 

712 

21 

7 

0 

534 

8 

15 

0 

1 1 

8 

8 

285 

16 

17 

0 

34 

6 0 

*5 

762 

22 

17 

0 

572 

9 

7 

6 

12 

5 

0 

306 

16 

17 

0 

3b 15 0 

i6 

SI3 

24 

8 

0 

61 1 

10 

0 

0 

13 

I 

4 

326 

16 

17 

0 

39 

4 0 

17 

S64 

25 

18 

6 

648 

10 

12 

6 

13 

17 

8 

347 

16 

17 

0 

41 

13 0 

i8 

915 

27 

9 

0 

687 

1 1 

5 

0 

14 

14 

0 

3 ^ 7 j 

16 

17 

0 

44 

2 0 

19 

96s 

28 

19 

6 

725 

1 1 

17 

6 

15 

10 

4 

388 

16 

17 

0 

4 b 

1 I 0 

20 

1016 

30 

10 

0 

760 

8 

0 

0 

16 

6 

8 

408 

24 

16 

0 

49 

0 0 

; 3 i 

1067 

32 

0 

0 

801 

8 

8 0 

17 

3 

0 

429 

24 

16 

0 

51 

9 0 

22 

1 1 18 

33 

1 1 

0 

839 

8 

16 

0 

17 

19 

4 

449 

24 

16 

0 

53 

18 0 

23 

1 169 

35 

I 

6 

878 

9 

4 

0 

18 

15 

8 

470 

24 

16 

0 

5b 

7 0 

24 

1220 

3 b 

12 

0 

915 

9 

1 2 

0 

19 

12 

0 

490 

24 

16 

0 

58 16 0 

25 

1270 

38 

2 

6 

953 

10 

0 

0 

20 

8 

4 

511 

24 

16 

0 

61 

5 0 

26 

1321 

39 

13 

0 

992 

10 

8 

0 

21 

4 

8 

531 

24 

16 

0 

63 

14 0 

27 

1372 

41 

3 

6 

1029 

10 

16 

0 

22 

I 

0 

552 

24 

16 

0 

66 

3 0 

28 

1423 

42 

14 

0 

1068 

1 1 

4 

0 

22 

17 

4 

i 572 

24 

16 

0 

68 

12 0 

29 

1474 

44 

4 

6 

1 106 

II 

I 2 

0 

23 

13 

8 

! 593 

24 

16 0 

71 

I 0 

30 

1524 

45 

15 

0 

I 1143 

12 

0 

0 

24 

10 

0 

1 bl 3 

24 

16 

0 

73 

10 0 

3 * 

1.575 

47 

5 

6 

1182 

12 

8 

0 

25 

6 

4 

b 33 

24 

16 0 

75 

19 0 

32 

1626 

48 16 0 

i 1220 

12 

16 

0 

26 

2 

8 

1 bs 4 

24 

16 

0 

78 

8 0 

33 ‘ 

1677 

50 

6 

6 

1257 

13 

4 

0 

26 

19 

0 

i b 74 ., 

24 

16 

0 

80 

17 0 

34 

1728 

51 

17 

0 

1296 

13 

12 

0 

27 

15 

0 

! 694 

24 

16 

0 

83 

6 0 

35 

1778 

53 

7 

6 

1334 

14 

0 

0 

28 

1 1 

8 i 715 

24 

16 

0 

85 

15 0 

3b 

1829 

54 

18 

0 

1373 

14 

8 0 

29 

8 

0 

736 

24 

16 

0 

73 

4 0 

37 

1880 

56 

8 6 

1410 

14 

16 

0 

30 

4 

4 

755 

24 

16 

0 

75 

4 8 

3 « 

1931 

57 

19 

0 

1448 

15 

4 0 

31 

0 

8 

776 

24 

16 

0 

77 

5 4 

39 

1982 

59 

9 

6 

1487 

15 

12 

0 

31 

17 

0 

797 

24 

16 

0 

79 

6 0 

40 

I 2032 

Ol 

0 

0 

1524 

16 

0 

0 

32 

13 

4 

817 

24 

ib 

0 

81 

6 8 

41 

2083 

b2 

10 

6 

*563 

16 

8 

0 

33 

9 

8 

847 

24 

16 

0 

83 

7 4 

42 

2134 

64 

I 

0 

1691 

16 

16 

0 

34 

6 0 

8t;8 

24 

16 

0 

8s 

8 0 

43 

2184 

65 

10 

6 

ib38 

17 

4 

0 

35 

2 

4 

878 

24 

16 

0 

87 

8 8 

44 

2235 

67 

2 

0 

1672 

«7 

12 

0 

35 

18 8 

898 

24 

16 

0 

89 

9 4 

45 

2286 

68 

12 

6 

1715 

18 

0 

0 

3b 15 

0 

919 

24 

16 

0 

91 

10 0 

4b 

2337 

70 

' 2 

0 

1754 

18 

8 

0 

37 

1 1 

4 

949 

24 

16 

0 

93 

10 8 

47 

23§8 

71 

13 

0 

1791 

18 

16 0 

38 

7 

8 

960 

24 

16 

0 

95 

II 4 

48 

2438 

73 

4 

0 

1829 

19 

4 

0 

39 

4 

0 

980 

24 

16 

0 

97 

12 0 

49 

2489 

74 

14 

6 

1868 

19 

12 

0 

40 

0 4 

loOo 

24 

16 

0 

99 

12 8 

SO 

2540 

50 

16 S 

1270 

20 

0 

0 

40 

16 8 

1021 

24 

16 

0 

lOI 

13 4 
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PEPOSiTvS BASED ON VALUE DEPOSITS BASED ON VAl-lJE 


K 

D 

HoLLjiND. 


«L 

Bbjlcium. 



ifo 

ELAND. 


Bblcium. 




















JC 

s. 

d. 

fis. 

£ 

s. 


frs. 

£ 


s. 

d. 

fls. 

£ 

s. 

d. 

frs. 

V 

I 

0 

I 

0 

a 

0 

2 

5 

3 

200 

10 

0 

0 

120 

24 

0 

0 

. 600 

5 

0 

5 

0 

3 

0 

12 

0 

15 

300 

15 

0 

0 

180 

36 

0 

0 

900 

lO 

0 

10 

0 

6 

I 

4 

0 

30 

400 

20 

0 

0 

240 

48 

0 

0 

1200 

20 

I 

* 0 

0 

12 

2 

8 

0 

60 

500 1 

25 

0 

0 

300 

60 

0 

0 

1500 

30 


'10 

0 

18 

3 

12 

0 

90 

600 1 

30 

0 

0 

360 

72 

0 

0 

1800 

40 

2 

0 

0 

24 

4 

16 

0 

120 

700 1 

35 

0 

0 

- 420 

84 

0 

0 

2100 

50 

2 

10 

0 

30 

6 

0 

0 

1 150 

800 j 

40 

0 

0 

480 

96 

0 

0 

2400 

60 

3 

0 

0 

36 

7 

4 

0 

180 

9C0 1 


0 

0 

! 540 

108 

0 

0 

2700 

70 

3 

10 

0 

42 

8 

8 

0 

1 210 

lOCO 

50 

0 

0 

600 

120 

0 

0 

3000 

80 

,4 

0 

0 

48 

9 

12 

0 

1 240 

2000 

100 

0 

0 

1 1200 

124 

0 

0 

6000 

90 

^4 

ro 

0 

54 

ro 

16 

0 

^70 

3000 


0 

0 

1800 

360 

0 

0 

9OCO 

100 

5 

0 

0 

60 

12 

0 

0 



po 









Spain is not included in this list, as the duly is charged on a complicated 
basis and must be worked out separately in each case. . It usually amounts to 
about £jo or more for a car of average size. 


CONTINENTAL CUSTOMS FACILITIES 

Members and Associates of the'R.A.C. can obtain special Customs papers 
(generally known as triptyques) from the Touring Department for the entry of 
tneir c^rs into Austfia, Finland, Germany, Hoi land, ^P'rance, Italy, Switzer- 
land, Belgium, Portugal, Spaih, Roumania, Russia, Norway, and Sweden. ^ 

The amount covering the Customs duties is deposited with the Club, and a 
refund is obtainable from the Club afltr the car has left the country to which 
the papers refer, provided the regulations, which are cpiile simple, have been 
duly carried out. 

Paill instructions are issued with each set of forms. 

It will be undorstood that this arrangement is of the greatest convenience, 
for not only does it avoid the necessity of carrying about large sums of money, 
but it enables all money transactions with the Customs officials to be avoided, 
as it is only necessary to get the Club papers properly stamped and signed 
when crossing the frontiers. 
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INTERNATIONAL TfRAVELLINC ^AS^ES 

From the Royal Automobile Club Year. Boor , 

Explanation of the International Rcgulatiom.—X^nlkx an Order in Council 
the Club has been authorized by the Local Government Board to issue Inter- 
national Travelling Passes to motorists wishing to take their cars abroad, and 
the necessary arrangements have l>een made so that the Passes may be pro- 
cured through authorized Examiners throughout the country. A numlie^r of 
Examiners have been appointed in the provinces, and in London applicants 
are examined by the Club Officials. 

It is necessary for the car to be presented for examination in order to ascer- 
tain that it complies with the conditions laid down in the International Agree- 
ment, and, in addition, each driver must undergo a practical examination hi 
driving to prove competency. Two photographs (head and shoulders) of each 
driver must be provided. 

After this procedure has been complied with, the Club issues an Inter- 
national Travelling Pass ; also a special oval jilate liearing the letters 
denoting that the car comes from Great Britain or Ireland. This plaque must 
be affixed at the back of the car as near as possilile to the ordinary British 
registration number. 

The possession of the International Travelling Pass and Plaque allows the 
holder to travel in all countries which are parties to the Agreement, without 
obtaining ^ecial licences or carrying special nuniliers in each country as 
hitherto. This arrangement does not, however, in any way afi'ect the Customs 
formalities. 

The Passes hold good for a period of twelve months from the date of issue, 
and must be renewed annually. 


Conn trie'! accepting the Pass, and Distinguishing [.efters allotted to each 

Germany 

1 ). 

Monaco 

. M.C. 

Austria .... 

A. 

Holland 

. N.L. 

Belgium .... 

B. 

Portugal 

. P. 

Spain .... 

E. 

Russia . 

. R. 

France . . • . 

F. 

Roumania 

. R.M 

Great Britain and Ireland 

G.B. 

Servia . 

. S.B. 

Greece .... 

G.R. 

Sweden 

. S. 

Hungary 

II. 

Switzerland , 

. C.H. 

Italy .... 

1 . 

Bulgaria 

. B.G. 

Montenegro . 

M.N. 




DASHBOARD PLATES 

Under the new International Regulations all motorists abroad must carry 
a plate on their cars, attached to the dashboard, facing the driver, liearing 
particulars of horse-power, engine number, weight (in kilogrammes) and 
country of origin of the car. The plate is about the size of a visiting card. 
Arrangements have been made for the department to supply these plates at 
the following prices 

Black lettering on ivorine . . . is. 3d. each. 

Black ,, ,, brass . . . 2s. od. ,, 

Black ,, ,, nickel . . . 2s. 6d. ,, 

Ivorine plates can be prepared at twenty-four hours* notice, and metal 
plates at two days’ notice. 



300 


MOTORING 


FRANCE 

Transport . — All arrangements for .the transport of cars by &ny of the ser- 
vices specified may be made through the department, from, which detailed 
particulars qf these or any other services may be obtained. 

Bordeaux from London. — Steamers every Saturday from London, carry- 
ing mahy cars, especially during the winter. The arrangements are satis- 
I' factory. Passengers are carried on the same steamers. Transit, al>out 67 
hours. Transport, 10s. to £6 17s: 6d. , according to weight : lo^jxjr cent 
discount to Memi)ers and Associates. Return steamers leave Bordeaux 
Saturday or Sunday. • ♦ 

Bordeaux from Glasgow. —J. & P. Hutchison, 31 Hope Street, Cilasgow. 
Every ten days. Transit, four days or more. Transport, £s or £6. No 
passengers carried. 

Bordeaux from Liverpool. — James Moss Co., 31 James Street, Liver- 
pool. Every Friday from Bordeaux. Transport accoriling to measurement 
and weight. » 

Boulogne from Folkestone. — Excellent arrangements for cars, which are 
carried on ordinary passenger steamers. Two services daily in both directions. 
Transit, hours. Transport, £4. 

Boulogne from Goole. — Three sailings per week in both directions. 
Limited passenger accommodation. Transit, aboift 20 hours. Transport, 
30s. to 45s. Satisfactory arrangements. 

Boulogne from Londorr. — From London on Tuesdays, Thursdays, and 
Saturdays. Froip Boulogne on Sundays, Tuesdays, and Thursdays. Limited 

g assenger accommodation. Transit, about 10 hours. Transport, 30s. to 45s. 
atisfactory arrangements. 

Calais from Dover.— Cafs carried on cargo boats nightly in both direc- 
tions, Sundays excepted, and , on passenger boats only by special arrange- 
ments, Not recommended, as the service from Folkestone is much better. 
♦ Cost, £4. 

Calais and Dunkirk frftm Leith — Geo. Gibson & Co., 64 Commercial 
Street, Leith, and 24 Vincent Street, Glasgow. Steamers every Monday or 
Tuesday from Leith for Calais, and Thursdays for Dunldrk. Transit, about 
40 hours. Transport, £4 or Limited passenger accommodation. 

Cherbourg from Southampton. — Tuesday, Thursday, and Saturday 
nights. Cais carried on ordinary passenger steamers. Transit, seven hours. 
Transport, £2 7s. 6d. to £4. Satisfactory arrangements. 

Dieppe frogi Newhaven. — Cars carried on passenger steamers. Morning 
and evening services in both directions. Transit, about four hours. Trans- 
port, £2 los. to £4. Satisfactory arrangements. 

Havre from Southampton.— Cars carried on passenger steamers nightly 
in both directions. Sundays excepted. Transit, seve|ji hours. Transport, 
£2 7s. 6d. to £4. Arrangements satisfactory. 

Marseilles from Liverpool. — About every ten days from Birkenhead. 
Transit, nine days. Transport, ;^io. Passengers travel on’ the same 
steamers. * Arrangements very satisfactory. ^ 

Marseilles frocl London.— Weekly service qf cargo steamers. Transit,* 
nine days. Transport, about £14, ^No passeng«r| carried. 
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The majority of French roads are very good, l>eing broad, well 
engineered and straight, but the smjfacc during dry weather is vefy apt to 
become loose and flinty. Level crossings, which are often l>adly lighted at 
night, and thus constitute a dasger, are more numerous in France than in the 
United Kingdom. It should be rememl^ered that petrol is more ex|iensive in 
the large towns than in the smaller towtts, and particularly so in Paris. All 
cars entering Paris are stopped at the gates, the petrol in the tanks is measured, 
and octroi duty charged upion it. 

CUSTOMS 

Spuial Customs Facilities. — Meml)ers and Associates may obtain Sjidsial 
Customs forms {generally known as “ triptyques ”) for the entry of their cars 
into France. 

The Customs pa])ers hold good for twelve months from the dale of entry, 
and they permit of several temporary exits and re-entrances without obtaining 
new sets of forms. 

Basis of Customs Deposits. — 

Motor vehicles weighing less than lo cwt. . £2 o 8 per cwt. 

,, ,, from 10 cwt. to 49 cwt. i 10 6 ,, 

,, ,, more than 49 cwt. . 104 ,, 

Important Notes. — It is a very common error to imagine that when the 
chassis of a car is of French manufacture it is only necessary to pay duty on 
the body if the latter is of foreign origin. In such cases the full ordinary duty 
must be paid on the complete car. It is conceivable that by lodging a special 
application with the Administrator of Customs in Paris, an exemption from 
])aying duty on the chassis could be obtained, but it would most certainly not 
be worth the trouble for temporary importation. 

In the absence of Club Customs papers, the money deposited at the port of 
entry is refunded in full at any port or frontier Customs House when the car 
is leaving the country. 

Automobiles of French manufacture may be taken into France free of 
Customs duty j promded a certain document called the “ Passavanl ” is pro- 
duced. This paper is the receipt of the Customs, which may be obtained 
when the cir is prst brought out of France, and is valid for one year only 
from the date of issue, but it can be renewed provided an application is made 
before the date of expiration. If not obtained at the time when the car first 
leaves France it is not afterwards procurable. 

When the “ Passavant ” is not obtainable, a document signed by the manu- 
facturer, stating that the car is of French origin, will in theory admit the car 
free of Customs, but the officials generally make a great trouble about accept- 
ing such a certificate, and it cannot, therefore, be depended upon. 

The Customs' Offices on the French frontier are open for business from 
7 a.m. to midday, and from 2 p.m. to 7 p.m , from March until October; 
from 8 a.m. lo midday and from 2 p.m. to 6 p.m. from September till April 
on week-days, but at other times and on Sundays and Fair-days special officials 
are in attendance to clear motorists’ triptyques for temporary exits and entries, 
and on the main roads a special service is maintained at the Customs Offices 
enumeraled below for clearing motorists’ triptyques on their first entry and 
final exit. Petrol contained in the tank is usually admitted free when the 
car comes from a country granting similar facilities to French motorists, but 
petrol carried in cans or “ bidons” must be paid for at the Customs House. 
Two spare tyres and spare parts attached to the car described on the triptyque 
are admitted free as part pi the car. 
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List of Customs Offices at whilSh the first entries s^nd final ‘exils, of cars 

furnisheii with triptyques can be made qn Sundays and fete days 

Dunkerque .* . Gh^elj;Je-route,'SteeB!Voarde. 

'' 4 *“ La Marliere, Le Touquet, Wattrelos-route, 

w , . Tbuffiers, Baisieux-route. 

'■ w ‘ ’ 

, Juz/e He tonnes ^ . .Hlanmisseron - Quievrechain, Le Coq, Maulde, Mal- 
iw' ^ v ^ plaquet, Bettignies, Jeumont-route, Hestriid, Cqusolre 

' < V* (Ville), Walleres-Morenrieux, Chain. 

' lev i lie . Guc d’llossus, Givet {4 Cheniinees), La Chapelle. 

Nancyt. . . Mont-Saint-Martin, Longlaville, jeeuf, Sancy-le-Bas, 

# Auboiie, Doncourl, Mars-la-Tour, Arnaville, Champey, 

Letricourt, Moncel-roiite, Arracourt, Jogneg. 

spinal . . . llouveau-Saales, Wisembach, Plainfaing, La Schlucht, 

Ventron, Bussang, La Chapelle-sous-Kougement, 
Foussemagne, Montreux-Chateau, Delle. 

BcsiLHcon . . Abbevilltrs, Villars-sous-BIamont, Le Villers, La Chemi- 

nee, Les Verrieres, Fourgs, La Ferfiere-soiis-Jougne. 

lyon . . . Pont de Bellegarde, Beliegarde-Viaduc, Pont-du-Moulin- 

des-Pierres, Forons, La Cure (Ex-Ies-Rousses). 

Chambery . , Bassy, Desingy, P'rangy, Serein, La Caille, P>ireS' 

route, Saint-Jean-de-Sixt, Flumet, Seez, Lanslebourg, 
La Vachette, Larche. 

Nue . . . Caravaii (Pont-Saint-Louis), Breil, f'^ontan. 

Perpignan . . Perthus, Bourg, Madame, Fos. . 

^ Bayonne . . Behobie, Urdos. 


RULE OF THE ROAD 

Thi^ rule of the fbad throi\ghout P'rance is to keep to the right and over- 
take on'the left. 

LIGHTIf^G REGULATIONS 

Lamps must be lit not later than fifteen minutes after sunset. 

A green light Vnould be shown in front on the left. A special liquid is 
obtainable from the Touring Department for colouring the lens. 

* According to^ regulations which came into force ist Janyary, J909, it is 
compulsory to carry an effiei^nt tail light on the left-hand side, which vlearly 
illuminates the back number-plates at night-time. Brackets and tail lamps" 
for use on the left are now procurable without mu(!h difficulty in the United 
Kingdom, but otherwise tfie regulation fittings should, of course, be obtained 
from a motor dealer immediately after arrival in P'rance. • 


SIRENS 

The use of sirens i» forbidden, the regulations stating that notice of 
approach must be gifen by means of a “ bell or horn,” and ajiidlcial decision 
given during 1908 confirms this law. - 
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INLAND REVENUE JAX^^TION IN F|IANGE 

io he confused %viih ik^ Duties^ toh^k are qtilte distUi^t, 

AJl motor cars in France are sttliject t6 Inland toxati6si^''but 
France with a trijXyque or “ consignation^” if n<>t remailfi^ tJw j;ountry 
for a longer period than four months, will not be liable to this fee. 

Motor-cars sojourning in France for a period exceeding four conscctftive 
months will be liable (in addition to the fixed charge of ga francs per laidilOr-’ 
car with two seats, and 90 francs per motor-car with milTe than two seats), ^ 
the following extra charge : — .< ’ 

I to 12 h.p. . . 5 f. per h.p. 37 to 60 h.p. . . I 2 f. per h.p. * 

13 to 24 h.j). . . 7f. j)er h.p. 61 h.p. and over . I3f. per h.p. 

25 to 36 h.p. . . 9f. per h.p. 

Example . — A 20 h.p. motoi-car having been in France for over four 
months — say eight months - 

Four seats ..... Fixed charge . 90f. 

I to 12 h.p. at 5 r. per h.p. . bof. \ 

13 to 20 h.p. at 7f. per h.p. . s6f. ) * 

206 f 

2o6f. divided by 12 (months) multiplied by 8 (months) equals 137. 24f. 

This tax is collected from visitors who keep their cars in France for more 
than four months by the Customs officials at the port ol departure. 


TABLE OF DISTANCES FROM PARIS 

The following table gives approximate distances from Paris to various 
continental towns. It has been compiled merely in order to give some idea 
of the length of time which should be allowed for reaching the towns specified. 
It does not imply that the routes suggested are the best to follow in all 
circumstances ; all information in thi.s connection may be obtained from the 
Touring Department of the Royal Automobile Club. 

In order to economize space, cross references have been found necessary ; 
thus Marseilles is shown as being 95 kms. ---59 miles S.E. of Avignon, and 
there are three routes given to the latter town, so it is only necessary to add 
t)ie distance indicated from Avignon to Marseilles in order to arrive at the 
total distance from Paris to Marseilles by any of the three routes outlined to 
Avignon. 

When the name of a town is printed in block type, it indicates that the 
town is dealt with sei)arately in its alphabetical or<ler in the list. 

, PARIS TO 

.Appro-ximate di.stance. 


Knjs. Miles. 

AMIENS via Pontoise and Beauvais .... 145 ... 90 

ANGERS via Rambouillet, Chartres, Nogent-le- 

Rotrou, Le Mans, and La Fleche .... 297 ... 185 

ANNECY via Dijon, Lons-le-Saunier, and Nantua . 536 ... 333 

AVIGNON (l) via Tonnerre, Dijon, Lyon, and 

Valence 709 ... 441 

(2) via Auxerre, Autun, and Lyon . 680 ... 423 

(3) via Fontainebleau, Nevers, Roanne, 

St. Etienne, and Valence . . 674 ... 419 
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PARIS TO 

0 

BELFORT Via Troyet, Ghaumoiit, Vesoul^ and Lure 

BERLIN (Germany) via Meaiix,* Chdteaii-Thierry, 
Epcrnay, Chalons-sur-Marne, Sainte-Menehould, 
Verdiin, Luxembourg, Treves, Berncastel, May- 
ence, Erankfort a/M, Fulda, Clotha, Weimar, 
Naumberg, Leipzig, Wittenberg, and Potsdam 

IBIARRITZ via Chartres, Tours, Poitiers, Angonleme, 
Bergerac, Marmande, Mont - de - Marsan, and 
Bayonne . . • 

BLOfS, 54 kms ~ miles S.W. Orleans. 

BORDEAUX via route to An^ouleme, and thence via 

• Barbezieux ........ 

BOULOGNE-sur.MER via Pontoise, Beauvais, Abbt - 
ville, and Montreuil 

BOfURGES(i) via Fontainebleau, Montargih, and Gien 
(2) via Ktampes and Orleans . 

BREST via Chartres, Le Mans, Laval, Rennes, and 
Loudeac ........ 

BRUSSELS via Coulommiers, Kjiernay, Reims, Kethel, 
Rocroi, Dinant, Namur^ and Wavre 

BUDA-PEST (Hungary) via route to Vienna, thenc^ 
via F’resbourg and Raab ..... 

CAEN via Mantes, Evreux, and Lisieux 

CANNES (1) via Melun, Dijon, Macon, Lyon, Val- 
ence,^ Avignon, Aix-en-Provence, 
Brignolles, . . . . . 

(2) via Melun, Auxerre, Aiitun, Macon, 

^ Lyon, and as No. (i) 

m (3) Melun, Nevers, Moulins, Roanne, 

, ^ St. Etienne, Valence, ami as No. (i) 

(4) via Lyon; Grenoble, Sisteron, Digne, 
Puget-Theniyj^ ami Nice 

CARCASSONNE via MeluTi, Fontainebleau, Moulins, 
Clermont-Ferrand, Aurillac, Rodez, Albi, and 
Castres . ' 

CARLSBAD (Bohemia) to Kger via route to Marien- 

' bad . , . 

GHAMBERY via Dijon, Lons-le-Saunier, and Nantua 

CHARTRES via Ramlipuillet . . . 

CHAUMONT via Troyes and Bar-sur-Aube . » 

CHERBOURG via Caen, Bayeux, and Valognes 

CLERMONT-FERRAND via Fontainebleau, Cosne, 
Neveits, and Moulins ...... 

jj. . ^ * 

* COBLENZ (Geipnany) via Coulommiers, Chalons, 
Verdun, Luxembourg, Treves, and Wittlich . 


Approximate dKtanoe. 

Knis. 

Miles. 

448 

278 

2000 

••• , 1243 

* 

805 

500 

S90 

367 

2\7 

154 

217 

L 35 

217 

••• ,154 

580 

360 

484 

301 

550 

963 

214 

133 

9.>9 

... 584 

880 

547 

904 

■ 5 ^J 2 

940 

584 

840 

522 

040 

646 

575 

357 

88 

55 

, 221 

137 

336 

209 

385 

240 

510 

317 
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IPARIS TO 

• > ^DTOkimate Uistance. 

COLOGNE, 85 kms. 53 Coblenz. / 

GONTREXEVILLE, 95 kms. - N.E. Ghau^ ' 

mont (via Montifjny and Larnarcbe). 


DIEPPE (0 direct via Pontoise . . . ; 

ns 

... 109 

(2) via Rouen . . . . . 

186 

1 16 

DIJON via Melun and Tonnerre 

300 

186 

DINARD, w St. Malo 


•* 238 

FOIX, 80 kms. “49^ miies S.K. Toulouse. 
FRANKFORT a/M ((iermany) via route to Berlin 

572 

356 

GENEVA (Switzerland) via Dijon. Genlis, Dole, 


t 

Poligny, Charnpagtiolc, Morez, (lex, and Ornex 

490 

304 

GRENOBLE, IIO kms. “ 68^ miles S.K. Lyon. 
HAVRE (le) via Rouen 

208 

129 

LIMOGES via Orleans, Kunxnantin, and Chateauroux 

395 

245 

LOURDES, 40 kms. - 25 miles S.K. Pau. 

LUCERNE (Switzerland) via Provins, Nogent-sur- 
Seine, Troyes, Chaumont,* Langres, Gray, Pesan* 
con, Pontarlier, Neuchatel, and Berne 

640 

398 

LYON (i) via Dijon, Beaune, and Macon . 

485 

302 

(2) via Mtdun, Sens, Aiixerre, Avallon, Autun, 

and Macon ...... 

455 

283 

MACON (i) 121 kms. --75 miles .S. Dijon. 

(2) via Melun, Sens, Auxeire, Avallon, and 
Autun ...... 

390 

242 

MADRID (Spain) via route to Biarritz and thence via 
St. Jean-de-Luz, Behobie, Irun, St. Sebastian, 
Vittoria, Burgos, Lerma, Aranda, Kl-Molar, and 
Fuencarral 

1342 

834 

MARIENBAD (Austria) via Coulomraiers, Chalons, 
Verdun, Metz, Birkenfeld, Mayfence, Frankfort 
a/M, Wurzburg, Ansbach, Nuremberg, Sulzbach 
and Eger . 

1022 

^S 5 

MARSEILLES, 95 kms. — 59 miles S.K. Avignon. 

MENTONE, 62 kms. —38^ miles N.E. Cannes. 

(2} via Grenoble, etc., as Cannes route (4) 
as far as Nice .... 

942 

586 

MONACO, 20 kms. = 12^ miles E. Nice. 

MONTPELLIER via Melun, Fontainebleau, Cosne, 
Nevers, Moulins, Thiers, Le Puy, and Alais . 

750 

466 

MUNICH (Bavaria) via Nancy, Strassburg, Stuttgart 
Ulm, and Augsburg 

840 

522 

NANCY via Coulommiers, Bar-le-Duc, and Toul 

349 

217 


NANTES, 89 kms. -55 miles S.W. Angers. 


30 
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PAWS TO ... 

Approximate distance. 

* Kmi. Miles. 

NAPLES (Italy) (i) via roiUes to Cannes^ and thence 
viaGenoatSiTczia, Massa, Gros- 
seto, Civita - Vecchia, Rome, 

Frosinone, and Capua, 992 
kins. =616 miles from Cannes. 

(2) via route to Turin, and thence via 
Alexandria, Piacenza, Parma, 

Bologna, Florence, Perugia, • 


Terni, and Rome . . . 1987 ... 1234 

NAUBONNE, via Melun, Fontainebleau, ISIoulins, 

Clermont - Ferrand, St. Flour, Marvejols, and 

Beziers . . . . . . . ... 770 ... 479 


NPCE, 30 kms. — 18^ miles N.E. Cannes by route (4), 
deduct above distance from total. 

NIMES, 44 kms. =27^ miles S.W. AvijJnon, 
ORANGE, 27 kms. 17 mildfe N. Avignon. 


ORLEANS via Etampes . . . . . 137 ... 85 

PAU (l) via route to Biarritz to near Mont-de-Marsan 763 ... 474 

(2) via Orleans, Chateauroux, I.ytmoges, Peri- 

gueux, Agen, Auch, and Tarbes . . . 800 ... 497 

PERPIGNAN, 68 kms. ==42^ miles S. Narbonne. 

PERIGUEUX via Orleans and Limoges . . • 495 • ‘ • 3°^ 

ROME (Italy), 231 kms. = 144 miles N.W. Naples. 

ROUEN via Mantes and Louviers . . . .126 ... 7^ 

#ST. MALO via Chartres, Alengon, Domfront, and 

Mortain . . * 383 ... 23S 

TOULON, 150 kms. =93 miles S. E. Avignon (via 
Aix-en-Provence). 

Toulouse via* Orleans, Chateauroux, Limo^s, 

Cafy^rs, and Montauban ...... 700 .. 435 

TOURS via Chartres and'Chateaudun . 233 ... 145 

TROYES via Provins andJNogeni^swr-Seine 167 ... 104 


TURIN (Italy) (i) via routes to Lyon and thence via 
La-Tour-(lu-Pin, Chambery, 
Modane, Mont-Cenis Pass, and 
Susa, add 324 kms. — 201 miles 
* ^ to distances to Lyon, by Lyon 

rqxites (i) or (2). 


(2) via Chambery and thence as above S90 553 

VENICE (Italy) via route to Turin and thence via 

Casale, Pavia, Cremona, Mantua, and Padua. . ^ 123 *^ ••• 7^4 

VERDUN via Coulommiers, Chalon-sur- Marne, and 

Ste. Menehould . . . . . .301 ...187 

VESOUL, via Troyes, Chaumont, and Langres . 378 235 

VIENNA (Austria) via Nancy, Strassburg, Stuttgart, 

Ulm, Augsburgjf' Munich, Muhldorf, Lambach, and 

St. Polten 1239 ••• 770 
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OEEMANY . . 

• TRANSeotlT 

Bremen from The Argo Steamship Company run steamers from 

London on Tuesdays, Thursdays, and Saturdays. Transit, about 36 hours. 
Transport, £'^ 3s. to aljout ^4 15s. Passengei|t are carried on the same 
steamers. The arrangements are satisfactory. 

Hamburg from London^ by G.S.N. Co., from London on Wednesdays, - 
Fridays, and Sundays. Transit about 40 hours. Transport, about ' 

Hamburg from Southampton ^ by the R.M.S.P. Co. Transport from ^bout 
to £(>. 

Ilambmg from Grimsby^ by G.C. Railway steamers. Daily service, 
Sundays excepted. Cars are carried on the ordinary passenger steamers. 
Arrangements satisfactory. Transport, 50s. per ton. 

All arrangements for any of these routes can be made through the Touring 
Department of the Club. 

CUSTOMS 





C 

.c. 

d. 

Motor-c5'cles, 

weighing r cwt. or less 


2 

10 

0 per cw t. 

ft 

,, I cwt. anti not 

more than 2 cwt. 

I 

17 


Motor-cars 

,, 2 cwt. ,. 

,, 5 cwt. 

I 

15 

9 ft 

,, 

,, 5 cw'f, ' 

,, 9I cwt. . 

I 

0 

0 „ 


,, 9,? cwt. ,, 

,, 19'/ cwt. . 

, 0 

12 

b fi 

> 1 

,, 19'j* cwt. or over 


0 

s 

0 „ 


TAXATION 

When entering Germany a tax must be paid to the Customs oflicials, which 
is non-returnable. The taxation is a perfectly distinct transaction from the 
Customs duty, although it is j)ayable to the Customs ofHcers. It is similar to 
our Inland Revenue tax, but a special scale is enforced in the case of visitors. 

On payment of the tax the officials supply a small booklet, known as a 

Steuerkarte,” and it is most important to get this booklet stamped and 
signed at every entry and exit. Care should be taken to see that this is done 
even when the final exit takes place and the owner does not contemplate re- 
entering the country. 

SCALE OF TAXATION 

Motor-cycles ; For a stay not exceeding 30 days in any year , 3 marks. 

Motor-cars : Permit available i day . ’ . . . • 3 »» 

,, M ,, 5 days 8 ,, 


j » 


LS f, • 




. 15 

,, 

f ' 

30 ft • 




• 25 

1 j 

, , 

,, 60 „ . 




. 40 

) > 

» > 

ft 9 ® ft 




. 40 


The period covered by the tax need not run consecutively, and the car can 
be taken in and out of the country as often as desired, provided the total 
number of days spent in Germany does not exceed the total lime limit 
covered by the tax. The days of entrance and exit are counted as complete 
days. 

The days during which a car may be laid up for repairs in a German town 
will be deducted if satisfactory proof, such as a certificate from the firm by 
whom the repairs have been executed, can be produced. 
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IDENTIFICATIO;^ PLATES ‘ 

When an International Travelling Pass cannot be produced special Identi- 
fica-tion Number Plates must be carried, and are supplied by the Customs 
officials to whom the tax is paid on the frontier. A charge is made as 


follows : — 

Motor-cycles, plates 2 marks. 

Motor-cars, in cases where permit for one day only is taken out 2 . 

Any other period . . . . . . . . • 5 >> 


The?e plates are not, of course, necessary for holders of International 
Passes, but in the absence the Pass the ordinary British car licence and 
driving licence must bear endorsements l)y a German Consul. 


GENERAL REGULATIONS 

Different regulations are in force in the various Stales, but, speaking 
broadly, they may be summarize^ as follows : — 

Every car must be fitted with two efficient brakes. 

Two lamps must be carried, one on either side of the car. 

The light from the lamps must be reflected forwards through plain glass. 
One lamp and one brake suffice for motor-cycles. 

The speed limit during darkness or in populous districts is fixed at 15 kiloms. 
(9I miles) per hour. . 0 

On clear country roads the speed may be increased, and the driver is only 
liable to prosecution on the ground of driving to the public danger. 

^ The rule of the road is to keep to the right and pass on the left. 

I There is no difficulty in obtaining petrol throughout Germany. 



INDEX 


refer to plates fad ng^ such pages.] 


A 

Accelerator, 6 ^^ 78 
Accumulators, 196 
Ackermann, 12 1 
Alcohol, 239 
Amperes, 176 
Arg-)'ll, 120, 158 
Armature, 184 
Art of drivinj4', 66 
Arundel Castle, 

Austin chassis, Oo, 

— enj^ine, 6 j 

Auto Key-maps, 33, 36, 41, 42, 49, 
B 

Back axle, 1 10, //6, iiS 
Baillie, 127 
Batteries, 164 
Baverey, 257 
Benzol, -^04:, 226 
Bcrliet eng-ine, 13S 
Bevel, 60, 107 
Bodies. Sec Coach work 
Bonnet fasteners, y 
Bosch, 173 
Bosch magneto, 160 
Brakes, 60, 69, 70, 71, 88, 106, 117, 
120 

Brooklands, 50, 5-/, 159 
C 

Cabriolet, 8 
Cam-shaft, 13S, 149 
Carburettor, 138, 143, 152, 244 


Case-hardening, jjjj. 
Chain-gears, 105 
Change-spe(*d gear, 58, 70, 102* 
Changing speed, 80 
Chassis, 55, 56, 58, 272, 274 
Chauffeur, 25 
Choice of a car, i 
Choke-tube, 252 
( 'ire 11 la r tour, 45 
Classification, 22 
Closed cars, 5 
' Clutch, 56, 60, 69, 97, T02 
! Clutch-stop, 82, loi 
I Coachwork, 4, 10, 24 
I Coil, j 75 

i Colour schemes, 10 
' Compression, 144 
, Condenser, 178 
< Control members, 69 
( Cost of benzol, 22? 

! — — cars, I, 21 
i — — petrol, 222 
j Cracking, 205, 213 
i Crank-shaft, 139 
I Cross-cuts, 36 
j Crosslc}' bjick axle, i 16 
I — engine and gear-box, 64 
j — propeller-shaft casing, 112 
Cushions, 13 
Cut-out, 199 

D 

I Daimler back axle, 116 
j — carburettor, 255 
I — chassis, 272, 274 
I — engine, 148, 154^ 156, rg4 

309 
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Daimler gfear-box, ito 

— landaulette, 4 

— suspension, 126 
Dashboard, 69 

De Dion foot-brake, 120 
Del Monte, 235 
Desax<^, 155 
Differential, 61, 109 
Direct drive, *03 
Distributor, 162 
Door hafndles, 2j 
D#|it>le-tUttching^, 86 
DijVing-, ^ 

Dynamo, 194 

E 

Eartl/ return, 191 
S. F. , :?o, 52 

Electric lisfht, 16, i6^, 196 

— horns, 19 
Electricity, 164 

Engine, 55, 97, 1,^7, /;,V, /.yy, 

'‘fS, 154 

— as a brake, 88 

— diag-ram, 741 
r — operation, 142 

Equipment, 13 
Exhaust pipes, 142^ 14^ 
Expenditure, 29 
Explosion, 145 * 

F 

Fast driving, 31, 51 
Firing order, 154 

— stroke, 145 

Four-cylinder engines, 58, 62, 146 
Four speeds, 82 
Four-stroke, 139 * * 

Fly-wheel, 145 
Front-wheel brakes, 1 18 • 

G 

Garage, 25 • [z/o 

Gear-box, 6p, 64^ 102, 104, 106, loS^ 
Pearing, 58 « 

Gold mirrors, 17 
Gordon-Bennett, 50 


H 

Headlights, 17* 

Hele-Shaw, loo 
, Hill cliftibs, ^6, 54 
Holden, Colonel H. C. L,, C.B., 52 
Holywell, near St. Ives, 42 
Hoods, 9, 28 
Horns, iS 

Hot-air intakes, 75/ * 

Hotels, 35 

Humber propellor-shaft, 114 
H3'drocarbons, 202 

I 

Ignition, 93, 1 50 

— plug, 152 
Ireland, 48 

! J 

1 Jaw-clutch, ro3 

j Jf*t* 15- 

j Knight, 156 ^ 

Knocking, 95 

L 

Lamps, 16 
Lanehestc'r, iij, 245 

— suspension, 126 
Landaulette, ^ 

Lankcnsperger, 121 
Lake district, 43 
Lay-shaft, T03 
Lewes, 208 
Licences, 26 
Limousine, 6 

Live rear axle, 60, 1 10 
London buses, 105 
-- ^*xits, 33, 36 
Long journeys, 38 
Lubrication, 24, 75-’ 

Luggage grids, ^7 

M 

Magngtos, 94, r6o 
Maintenance, ±5 
Maps, 33, 36, 41, 42,-49, 53 
Materials, 266, 268^ 2^2 
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Metallurgique salopn car, 16 ^ 
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Metallurgy, 266 
Mudguards, 
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Napier two-seater, 20 

— back-axle, 116, 1 18 

— change-speed and brake levers, 
yo 

engine, 97 

— gear-box, 102, tio 

— suspension, 126 
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Origin of petrol, 215 
Otto cycle, 139 
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Paint, 13 

Panhard propellor-shaft, 114 
Paraffin, 202 
Petrol, 27, 202 

— consumption, 28 
Petroleum, 202 
Power, 2, 21, 28 
Pole pieces, 18 r 
Propellor-shaft, 61 

— — casing, lu 

— — support for, 

Pump, 138 
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R.A.C. rating, 21 
Racing, 50, 57 
Radius rods, 63, 114 
Record breaking, 

Records, 52 

Redwood, Sir Boverton, 213 

Registration, 26 

Reverse, 104 

Right of way, 71 

Road racing, 50 

Road, Roman. Frontispiece 

Rolls-Royce open touring car, u 

Rotai-y engines, 140 
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Sabatier, 211 
Safety spark gap, 48^5 
Saloon car, 6, /6 « 

Scotland, j./, 41 
Seats, 13 

Self-starters, 20, 57 v 
Senderens, 211 
Sheffield-Simplex chassis# 56 
— — engine*for, 44 
Siddeley Deasy suspension, 126 
Signalling, 76 <» 

Signposts. 36 

Six-cylinder engines, 56, 146 

Smith, 262 

Spark, 1 50 

Springs, 63, 1 26 

Spyker engine, 144 

Starting, 93 

Steel (photomicrographs), 266 
Steering, 74, 121 
Steering mechanism, 1J4 
Stewart, 264 

Stoewer clutch-gear box, joj 
Straker- Squire chassis, 5<S' 
Suspension, /_>6 
Synchronized ignition, 161 
Synthetic petrol, 210 

T 

Talbot propellor-shaft, 114 
Taxes, 26 

Thermo-syphon, 138 
Thorpe, 205 
Throttle, 78, 253 
Torque rod, 64 
Tour (specimen), 39 
Touring, 30 
Town maps, 49, 53 
Traffic signs, 7 
Transmission, 55, 97 
Two-stroke, 139 
Tyres, 14, 27 

U 

Unit system, 62, yy 
Universal joint, 61, 106 
Upkeep, 125 
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Valves, 14S 
Vauxhall clutch,- zo-? 

— back axle, z/A’ 

— g-ear-box, zo^, zo6 

— steering* mechanism, z-v 
Voltage, 176 

W 

Waf?^, 24S 

White dnd Poppe, 257 


< i Wind-screens, 9, 

[ JVolseley, 99 
I Wolseley engine, zjfy 
j — foof-brakes, z-?o 
i — two- seated coupt 5 , <V 
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1 Yearly mileage, 28 
• Young, 205 
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COUNTRY WALKS ABOUT FLORENCE. 
Illustrated. Second Edition. Fcap. %vo. 
5J. net. 

A BOOK OF THE WYE. Illustrated. 
Demy Zvo. 7s. 6d. net. 

\ Ibien (Henrik). BRAND. A Dramatic 
I Poem, translated by William Wilson. 

' Fourth Edition. Cr. Zvo. 3J. 6d. 

Ill|a(W.R.). CHRISTIAN MYSTICISM, 
^he Bampton Lectures of 1899.) Third 
Edition. Cr. Zvo. sr. net. 

Innes (A. D.). A HISTORY OF THE 
BRllISH IN INDIA. With Maps and 
Plans. Cr. Zvo. 6s. 

ENGLAND UNDER THE TUDORS. 
With Maps. Fourth Edition. Demy Zvo. 
JOS. 6d. net. 

Innes (Mary). SCHOOLS OF PAINT- 
ING. Illustrated. Second Edition. . Cr. 
Zvo. 5f. net. 

Jenks (E.). AN OUTLINE OF ENG- 
LISH LOCAL GOVERNMENT. Secona 
Edition. Revised by R. C. K. Rnsor Cr. 
Zvo. 2S. 6d. net. 

A SHORT HISTORY OF ENGLISH 
LAW: From the Earliest Times to 
THE End of the Year 1911. Demy Zvo. 
JOS. 6d. net. 

Jerningham (Charles Edward). THE 

MAXIMS OF MARMADUKE. Second 
Edition. Fcap. Zvo. sx. 

Jevons (F. B.). PERSONALITY. Cr. 
Zvo. 2S. 6d. net. 

Johnston (Sir H. H.). BRITISH CEN- 
TRAL AFRICA. Illustrated. Third 
Edition. Cr. j^to. i8x. net, 

THE NEGRO IN THE NEW WORLD. 
Illustrated. Demy Zvo. sis. net. 

Julian (Lady) of Forwlch. REVELA- 
TIONS OK DIVINE LOVE. Edited by 
Grace Warrack. Fourth Edition. Cr, 
Zs>o. 3X. 6d. 

Keats (John). POEMS. Edited, with Intro- 
duction and Notes, by E. de Selincourt. 
With a Frontispiece in Photogravure. 
Third Edition. Demy Zvo. 7s. 6d. net. 

Keble(John). THE CHRISTIAN YEAR. 
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net, 

MacCarthy (Beimond) and Ratsell 
(Agatha). LADY JOHN RUSSELL; A 
Memoir. Illustrated. Fourth Edition, 
Demy 8zfO, los, 6d. net. 

KcDongall (William). AN INTRODUC- 
TION TO SOCIAL PSYCHOLOGY. 
Seventh Edition. Cr, 8vo. 5s. net. 

BODY AND MIND: A History and a 
Defence of Animism. Second Edition, 
Demy 8vo, xose, 6d. net. 

Maeterlinck (Maurice). THE BLUE 
BIRD : A Fairy Play in Six Acts. 
Translated by Alexander Tf.ixeira de 

^ Mattos. Fcap. 8vo. Deckle Edges. 3X. 
net. Also leap. 8vo. is, net. An Edition, 
illustrated in colour by F. Cayley Robin- 
son, is also published. Cr, efo. axx. net. 
Of the above book Thirty-three Editions in 
all have been issued. 

MARY MAGDALENE : A Play in Three 
Acts. Translated by Alexander Teixeira 
DB Mattos. Thifd Edition. Fcap. 8vo. 
Deckle Edges. 3X, 6d. net. Also Fcap. 8vo. 
i.r. net. 

♦OUR ETERI 7 iTY. Translated by Alex- 
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Taylor (Mn. Baall) (Harriet Osgood). 

JAPANESE GARDENS. Illustrated. 
CK < it0 . £i IS . net . 

Thlbaadean (A. C.). BONAPARTE AND 
THE CONSULATE. Translated and 
Edited by -G. K. Fortescue. Illustrated, 
Demy Zvo. xos. 6d. net, 

Thomas (Edward). MAURICE MAE-' 
TERLINCK. Illustrated. Second Edition. 
Cr. Zvo. ss. net. 

Thompson (Francis). SELECTED 
POEMS OF FRANCIS THOMPSON. 
With a BiojCrOphical Note by Wilfrid 
Meynell. With a Portrait in Photogravure 
Twentieth Thousand. Fcap. Zvo. 5^. net. 

Tlleston (Mary W.). DAILY STRENGTH 
FOR DAILY NEEDS. Twentieth Edi- 
tion. Medium x6mo. •is. 6d. net. Also an 
edition in superior binding, 6s, 

THE STRONGHOLD OF HOPE. 
Medium \6mo. 2J. 6d. net. 

Toynbee (Paget). DANTE ALIGHIERI. 
His Life and Works. With 16 Illustra- 
tions. Fourth and Enlarged Edition. Cr. 
Zvo. 5s. net. 

Trevelyan (0. M.). ENGLAND UNDER 
THE STUARTS. With Maps and Plans. 
Fijth Edition. Demy Zvo. los. 6d. net. 

Trlggs (H. Inigo). TOWN PLANNING : 
Past, Present, and Possible. Illustra- 
ted. Second Edition. Wide Royal Zvo. 
xss. net. 

Turner (Sir Alfred B.). SIXTY YEARS 
OF A SOLDIER’S LIFE. Demy Zvo. 
i2s. 6d. net. 

Underhill (Evelyn). MYSTICISM. A 
Study in the Nature and Development of 
Man’s Spiritual Consciousness. Fourth 
Edition. Demy Zvo. i$s. net. 

Urwlck (E. J.). A PHILOSOPHY OF 
SOCIAL PROGRESS. Cr. Zvo. 6s. 

Yardon (Harry). HOW TO PLAY GOLF. 
Illustrated. Fifth Edition. Cr. Zvo. as, 6d. 
net. 

Vernon (Hon. W. Warren). READINGS 
ON THE INFERNO OF DANTE. With 
an Introduction by the Rev. Dr. Moore. 
Two Volumes. Second Edition, Cr. Zvo. 
tSs. net. 

READINGS ON THE PURGATORIO 
OF DANTE. With an Introduction by 
the late Dban Church, 7 ^o Volumes. 
Third Edition. Cr. Zvo. ly. net. 
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READINGS ON THE PARAUISO OF 
IHNTE. With an Introduction by the ' 
Bishop of Ripon. Two Volumes, laecond 
Edition. Cr, Bvo. iS^. nel. 

Yickers (Kenneth H.). ENGI,AND IN 
THE LATER MIDDLE AGES. With 
* Maps. Demy Bvo, xos. 6d, net. 

Wade (0. W. and J. H.). RAMBLES IN 
SOMERSET. IJIustraied. Cx.Bvo. 6s, 

Waddell ^(L, A.). LHASA AND ITS 
MYSTERIES. With a Record of the Ex- 
pedition of IQ0J-1904. Illystrated. Third 
ami Cheaper Edition. Medium Bvo. 7J. 6d. 
net. 

Wagner (Richard). RICHARD WACf- 
NER’S MUSIC DRAMAS. Interpreta- 
tions^ embodying Wagner’s own txplana- 
tions. By Alice Leighton Cleather , 
and Basil Crump. Fcap. Bvo. w. 6d. each. 
The Ring of the Nibelung. 

Fifth Edition. 

Lohengrin and Parsifal. 

Second Edition^ rewritten and enlarged. 
Tristan and Isolde. 

TaNNHAUSER and the MAsSTERSINGERS 

OF Nuremdurg. 

Waterhouse (Elizabeth). WITH THE 
SIMBLE-HEARTEP. Little Homilies to 
Women in Country Places. Third Edition. 
Small f'mt Bvo. ?s. net. 

^THE HOUSE BY THE CHERRY TREE. 

A Second Series of Little I#bmi 4 ies to 
Women in Country Places. Small i'ott Bvo. 
2S. net 

COMPANIONS OF THE WAY. Being 
Selections for Morning and Evening Read- 
ing. Chosen and .arra4|ged by Elizabeth 
Waterhouse. Large Cr. Bvo, 5A net. 
THOUGHTS OF A TERTIARY. SmaU 
Pott Bvo. IS. net. 

VERSES. A New Edition. Fcap. Bvo, as. 
net. * 

■1 

Waters (W.G.). ITALIAN SCULPTORS. 
Illustrated. Cr. Bvo. ys. td. net. 

Watt (Francis). EDINBURGH AND 
THE LOTHIANS. Illustrated. Second 
Edition. Cr. Bvo. * ioj. 6d, net. , 

*R. L. 8. Cr. Bvo. 6 s. 

Wedraore (Sir Frederick). MfeMORIES. 

Second Edition, Demy Bvo. js. 6d. net. 

Welgall (Arthur E. P.). A GUIDE TO 
THE ANTIQUITIES UPPER 

EGYPT: From Abydos to the Sudan 
Frontier. Uhistrated. Second Edition. 
Cr. Bvo. js. 6d, net. ^ 


Wells (J.). OXFORD AND OXFORD 
LIFE. Third Edition, Cr, B/vo. 35. 6d. 

A SHORT HISTORY OF ROME. Twelfth 
Edition. With 3 Maps. Cr. Bvo, 3s, dd. 

Whitten (Wilfred). A LONDONER’S 
LONDON. Illustrated. Second^ Edition. 
Cr. Bvo. 6j. 

Wilde (Oscar). THE WORKS OF OSCAR 
WTLDE. Twelve Volumes, fcap. Bvo. 
5^. net each volume. * 

I. Lord Arthur Savile’s Crime and 
THE Portrait of Mr. W. H. 11. The 
Duchess of. Padua, hi. Poems, iv. 
Lady Windermere’s Fan. v. A Woman 
OF No Importance, vi. An Ideal Hus- 
band. vii. The Importance of being 
Earnest, viii. A House of Pome- 
granates. IX. Intentions, x. De Pko- 
ruNDis AND Prison Letters, xi. Essays. 
xii. SalomE, A Florentine Tragedy, 
and La Sainte Courtisane. 

Williams (H. KoelX A ROSE OF SAVOY : 
Marie Ad6i.aide of Savoy, Duchesse de 
Bourgogne, Mother of Louis xv. Ulus- 
trated. Secot\d Edition, Demy Bvo. 15A. 
net, 

THE FASCINATING DUG DE RICHE- 
LIEU : Louis Fkan(,-ois Arm and du 
Plessis(i696-'17S8^ Illustrated. Demy Bvo. 
15J. net. 

A PRINCESS OF ADVENTURE : Marie 
Caroline, Duchesse de Berry (1798- 
1870), Illustrated. Demy Bvo. t^s. net. 
THE LOVE AFFAIRS OF THE 
CONDES (1530-1740). Illustrated. Demy 
Bvo. 15s. net. 

♦Wilson (Ernest H.). A NATURALIST IN 
WESTERN CHINA. Illustrated. Demy 
Bvo. los.mct. 

Wood (Sir Eyelyn). FROM MIDSHIP- 
MAN TO FIELD-MARSHAL. Ulus- 
trated. Fifth Edition. Demy Bvo. js. 6d. 
net. 

Also Fcap. Bvo. net. 

THE REVOLT IN HINDUSTAN (1857- 
59). Illustrated. Second Edition. Cr. Bvo. 
6s. 

Wood (W. Blrkbeok) and Edmonds (Col. 

J. E.\ A HISTORY OF THE CIVIL 
WAR IN THE UNITED STATES 
(1861-65). With an Introduction by Spenser 
WilkinsojS. With 24 Maps and Plans. 
Third Edition. Demy Bvo. 12s. 6d. net. 

Wordsworth (W.). POEMS. With an 
Introduction and Notes by Nowell C. 
Smith. Three Volunits. Demy Bvo, 15s. 
net. t 

Yeats (W. B.). A BOOK OF IRISH 
VERSK Thind Edition, Cr, Bvo. 3s. 6d. , 
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Part 1 1. —A Selection of Series 


Anoient Cities 


General Editor, Sir B. C. A. WINDLE 
C>. ^vo, ()d. net each volume 

With Illustrations by E. H. New, and other Artists 


Bristol. Alfred Harvey. Edinburgh. M. G. Williamson. 

Canterbury. J. C. Cox. Lincoln. E. Manscl Sympson. 

Chest er. Sir B. C. A. Windle. Shrewsbury. T. Auden. 

Dublin. S. A 0. Fitzpatiick. Wells and Glastonbury. T. S. Holmes. 


The Antiquary’s Books 


General Editor, J. CHARLES COX 
Demy %vo, p, 6d. net each volume 
With Numerous Illustrations 


^Ancient Painted Glass in England. English Costume. From Prehistoric Times 
Philip Nelson. to the End of the Eighteenth Century. 

Geoige Clinch. 

Archaeology and False Antiquities. 

R. Munro. English Monastic Life, Abbot Gasquet, 

Fourth Edition. 

Bells of England, The. Canon J. J. 

Raven. Second Edition. English Seals. J. Harvey Bloom. 

Brasses of England, The. Herbert W. Folk-Lore as an Historical Science. 
Macklin. Third Edition. Sir G. L. Gomme. 

Celtic Art in Pagan and Christian Gilds and Companies of London, The. 
Times. J. Romilly Allen. Secomi Edition. George Unwin. 

Castles and Walled Towns of England, ^Hermits and Anchorites of England, 
The. a. Harvey. The, Rotha Mary Clay. 

Churchwarden’s Accounts from the Manor and Manorial Records, The. 

Fourteenth Century to the Close of Nathaniel J. Hone. Second Edition. 

THE Seventeenth Century. ^ 

Mediasval Hospitals of England, The. 
Domesday Inquest, The. Adolphus Ballard. Rotha Mary Clay, 

English Church Furniture. J. C. Cox Old English Instruments of Music. 

and A. Harvey. Second Edition. F. W. Galpin, Second Edition. 
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The Antiquary's Bwiks-^co^tinued 

Old English Libraries. James Hutt. 

Old Service Books of the Engush 
Church. Christopher Wordsworth, and 
Henry Littlehales. Second Edition, 

Parish Life in Mediaeval England. 

v^idbbot Gasquet. Third Edition. 

Parish Registers of England, The. 

J. C Co.v. 


Remains of the Prehistoric Age in 
England. Sir B. C. A. Windle. Second 
Edition. 

Roman Era in Britain, The. J. Ward. 
Romano-British Buildings ahd^ Earth* 
works, j. Ward. 

. Royal Forests of England, The. J. C 

Cox. 

Shrines of British Sajints. J. C. Wall. 


* The Arden Shakespeare. 

Detny %V 0 , 2s, 6d, net each volume 

An edHion of Shakespeare in Sihgle Plays ; each edited with a full Introduction, 
Textual Notes, and a Commentary at the foot of the page 


All’s Well That Ends Well. 

Antony and Cleopatra. Second Edition. 
As You Like It. 

Cymdeline. 

Comedy of Errors, The 
Hamlet. Third Edition, 

Julius Caesar. 

*KiNG HeI^'^Y IV. PT. I, 

ICiNG Henry v, ^ 

King Henry vi. Pr. i. 

King Henry vi. Pt. ii. 

King Henry vi. Pt. hi. 

King Lear. « 

« 

King Richard ii. 

King Richard hi. 

Life and Death of King John, The. 
1x>ve’s Labour’s Lost. Second huttiin. 


Macbeth. 

Measure for Measure. 

Merchant of Venice, The Second Edition, 
Merry Wives of Windsor, The. 
Midsummer NiGht^ Dream, A. 

Othello. 

Pericles. 

Romeo and Juliet. 

Taming op the Shrew, The. 

Tempest, The. 

Timon of Athens. 

Titus Andromcus. 

Tkoilus and (5ressida. 

Two Gentlemen of Verona, The. 
Twelfth Night. 

Venus a.nd Adunis. 

Winter’s Tale, Tut. 


Classics of Art 

Edited by Dr. J. H. W, LAJING 

With numerous Illustrations, Wide Royal ^vo 


Art of the Greeks, The. H. B. Walters. 
i2s, ()d. net. 

Art of the Romans, The. H. B. Walters, 
J5J, net. 

Chardin. H. B. A. Furst. xu. 6 d. net. 


Donatello. Maud Cruttwell. 15^. net, 
Florentine Sculptors*. of the Renais- 
sance. Wilhelm Bode. Translated by 
Jessie Haynes. i2j. 6 d. net. ” 

George Romney. Arthur B. Chamberlain, 
lar. (id, net. 
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Classics of Ajet^ontii^ued ^ 

Ghirlandaio. Gerald S. Davies. Secand* Pubens. Ed«iai/ Dillon, ^ss.net 
Edition , lof. 6</. ntt . Tintoretto. Evliiyn March Phillipps. isjf. 

I,awrencb. Sir Walter Armstrong. futt, 

Michelangelo. Gerald S. Davies, its. 6 d , Titian, thailes Ricketts, iw. net. 
net. 

A.P.OPP.. 

Rembrandt's Etchings. A, M, Hind. 

Two Volumes. 2u. net. Velazquez. A. de Beiuctc. lo^. (»L xieif 


The ‘Complete’ Series. 

Fully Illustrated. Demy 8vo 


The Complete Association Footballer. 
Ih S. Evers and C. E. Hughes-Davics. 
5J. net . 

The Complete Athletic Trainer. S. A. 
Mussabini. sf. net. 

The Complete Bh.iiakd Player, Charles 
Roberts. lOJ. M. net. 

The Complete Boxer. J. G. Bohun 'Lynch 
$s. net. 

The Complete Cook, Lilian Whitling. 
•js. 6 d. net. 

The Complete Ckickeifr. Albert E 
Knight, ys. 6 d. net. Second Edition. 

The Complete Foxhunter. Charles Rich* 
ardsion. i2J. 6</. net. Secotui Editiofi. 

The Complete Golfer. Harry Vardon. 

10^. td. net. Thirteenth Edition. 

The Complete Hockey-Player. Eustace 
E. While. 5i'. net. Second Ediiion. 

The CoMPLEiE Horspman. W. Scarih 
Dixon. Second Edition, los. td, net. 


) The Compiete Lawn Tennis Player 
A. Uahts Myers. lar, td. net. Third 
Edition^ Revised. 

The Complete Motorist. Fihon Young. 
12S. td. net. Netv Edition {Seventh). 

The Complete Mouni aimer. G. D. 
Abraham, i^s. net. Second Edition. 

The Complete Oarsman. R. C. Lehmann. 
los, td. net. 

Thf. Complete Photographer. R. Child 
Bayley. los. td. net. Fourth Ediiion. 

The Complete Rugby Footrali.pr, on the 
Ni<:w Zealand Sysikm. D. Gali.aher and 
W. J. Stead, los. (d. net. Second Edition. 

The Complete Shot. G. 7 '. Teasdale* 
Ihjckell. i2S. td, net. Third Eidition, 

The Complete Swimmer. F, Sachs, js.td. 
net. 

The Complete Yachtsman. B. Hethstall* 
Smith and E. du Boulay. Sciond Edition^ 
Rruised, 15J. net. 


The Connoissear’s Library 

With numerous Illustrations, Wide Royal 8vo, 2^s. net each volume 


English Furniture. F. S. Robinson. 
Engiish Coloured Books. Martin Hardie. 
Etchings. Sir F. Wed more Second Ediiion. 

Europe/In Enamels. Henry H. Cunyng* 
haine. * 

Glass. Edward Dillon. 

Goldsmiths’ and Silversmiths’ Work. 
Nelson Dawson. Second Ediiion. 

Illuminated Manuscripts. J. A. Herbert. 
Second Edition, 


Ivories. Alfred Maskell. 

Jh^vELLERY. H. Clifford Smith. Second 
Edition. 

Mezzotints. Cyril Davenport. 

Miniatures. Dudley Heath 
Porcelain. Edward Dillon. 

Fine Books. A. W. Pollard. 

Seai.s. Walter de Gray Birch. 

Wood Sculpture. Alfred MaskelL Secimd 
Ediiion. 


i6 Methuen and "Company Limited 

Handbooks of English Choroh History 

Edited by J. H. BURN. Cfvwn Svo, 2s, 6d. net each volume 


The Foundations op the English Church. 

J. H. Maude. 

-The Saxon Church and the Norman 
CJ pNQUEST. C T. Cruttwell. 

The Mediaeval Church and the Papacy. 

A. C. Jennings. 


« Handbooks 

The Doctrine of the Incarnation. R. L. 
OttleV- Fifth Edition^ Revised, Demy 
iw. td. 

A History of Early Christian Doctrine. 

J. F. Bethune-Baker. Demy %vo, los. 6d, 
An Introduction to the Histor^ of 
Religion. F. B. Jevons, Fifth Edition, 
Demy 8vo, xos. 6d. 


The Reformation Period. Henry Gee. 

The Struggle with Puritanism. Bruce 
Blaxlaiid. ’ 

The Church of England in thIi Eigh- 
teenth Century. Alfred Plummer. 


of Theology 

An Introduction to the History of the 
Creeds. A. E. Burn. Demy 8vo. xos. 6d. 

The Philosophy of Religion in England 
and America. Alfred Caldecott. DemyBvo. 
xos.%d. 

The XXXIX Articles of the Church op 
' England. Edited by E. C. S. Gibson. 
Seventh Edition. Demy Zvo. 12 s. 6d 


The ‘Home Life’ Series 

Illustrated, Demy %vo, 6s. to los, 6d, net 

Home Life in America. Katherine G. Ho.me Life in Italx^ bina Duff Gordon. 
Busbey. Second Edition. Second Edition. • 

Home Lufe in France. Miss Betham- Home Life in Norway. H. K. Daniels. 
Edwards, ^xth Edition, Secotid Edition, 

Home Life in Germany. Mr.s. A. Sidgwick, Home Life in Russia. A. S. Rappoport. 

iecend Edition. , , I g l, Bensusan. 

Home Life .in Holland. D. S. Meldrum, Second Edition. 

Second Edition. * 


The lUnstrated Pocket Library of Plain and Coloured Books 

Fcap, 3^. 6d, net each volume 


WITH COLOURED 

k 

The Life and Death of John Mvtton, 
Esq. Nimrod. Fifth Edition . 

The Life of a Sportsman. Nimrod. 

HandlEy Cross. R. S. Surtees. Fourth 
Edition. 

Mr. Sponge's Sporting Tour. » R. S. 
Surtees. Second Edition. 

JoRROcKs’s Jaunts and Jollities. R. S. 
Surtees. Third Edition. * 

Ask Mamma. R. S. Surtees. 


> ILLUSTRATIONS 

The Analysis of the Hunting Field. 
R. S. Surtees. 

The Tour of Dr. Syntax in Search of 
THE Picturesque. William Cnmbe. 

The Tour of Dr. Syntax in Search of 
Consolation. William Combe. 

The Third Toor of Dr. Syntax in Search 
OF A Wife. William Combe. j 

Life in London, Pierce Egan. 
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LtilEidan of lleli^oa . 

Edited by H. C. BEECHING. mU /Wtraitj 


Crown Svo. 2s. 

Cardinal Newman. R. H. Hutton. 

John Wesley. J. H. Overton. 

Bishop Wilberforce. G. W. DaniclI. 
Cardinal Manning. A. W. Hutton. 

Charles Simeon. H. C. G. Moule. 

John Knox. F. MacCunn. Second Edition. 
John Howe. R. F. Horton. 

Thomas Ken. F. A. Clarke. 

George Fox, the Quaker. T. Hodgkin. 
Thh-d Edition. 

John Keble, Walter Lock. 


net each volume 

Thomas Chalmers. Mrs. Oliphant. Second 
Edition. 

Lancewt Andrewes. R,L. Ottley. Second 
Edition. 

Augustine of Canterbury. E. L. Cutts. 

William Laud. W. H. Hutton. Epurth 
Edition. 

John Donne. Augustus Jessop. • 
Thomas Cranmer. A. J. Mason. 

Latimer. R. M. and A. J. Carlyle. 

Bishop Butler. W. A. Spooner. 


The Library of DoYotion 

With Introductions and (where necessary) Notes 
Smalt Pott 8 w, cloth. 25.: leather. 2s. 6d. net each volume 


The Confessions of St. Augustine. 

Eighth Edition. 

The Imitation of Christ, Sixth Edition. 
The Christian Year, Fifth Edition, 

Lyra Innocentium. Third Edition. 

The Temple. Second Edition. 

A Book of Devotions. Second Edition. 

A Serious Call to a Devout and Holy 
Life. Fifth Edition. 

A Guide to Eternity. 

The Inner Wav. Second Edition. 

On the IjOvb of God. 

The Psalms of David. 

Lyra Apostolica. 

The Song of Songs. 

The Thoughts of Pascal. Second Edition. 

A Manual op Consolation from the 
Saints and Fathers. 

Devotions from the Apocrypha. 

The Spiritual Combat. 


The Devotions of St. Anselm. 

Bishop Wilson’s Sacra Privata. 

Grace Abounding to the Chief of Sin- 
ners. 

Lyra Sacra. A Book of Sacred Verse. 
Second Edition. 

A Day Book from the Saints and 
Fathers. 

A Little Book of Heavenly Wisdom. A 
Selection from the English Mystics. 

Light, Life, and Love. A Selection fiom 
the German Mystics. 

An Introduction to the Devout Life. 

The Little Flowers of the Glorious 
Messer St. Francis and of his Friars. 

Death and Immortality. 

The Spiritual Guide. Second Edition. 

Devotions for Every Day in the Week 
and the Great Festivals. 

Preces Privatab, 

Horab MysticaE.^ a Day Book from the 
Writings of Mystics of Many Nations. 


IS 
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iditid Books on Art 


With many Illustrations, Demy i6mo. 2s, 6rf. net each volume 


Each volume consists of about 200 pages, and contains from 30 to 40 Illustrations, 
including a Frontispiece in Photogravure 


AitiRCCHT DOrhr. L. J. Allen. 

Arts of Japa.n, The. E. Dillon. Third 
EditioH* 

Bookplates. E. Almack. 

Botticelw. Mary L. Bonnor. 

Burne-Jones. F. de Lisle. 

Cellini. R. H. H. Cust. 

Chr^^tian Symbolism. Mrs. H. Jenner, 
Christ in Art. Mrs. H. Jenner. 

Claudes E. Dillon. » 

Constable. H. W. Tompkins. Second 
Edition. 

Corot. A. Pollard and E. BIrnstingl. 

Early English Water-Colour. C. E. 
Hughes. 

Enamels. Mrs. N. Dawson. Second Edition. 
Frederic Leighton. A. Corkran. 

George Romney. G. Paston. 

Greek Art. H. £. Walfers. Fourth Edition. 

4 


.Greuze and Boucher. E. F. Pollju-d. 
Holbein. Mis. G. Fortescue. 

Illuminated Manuscripts. J.W. Bradley. 
Jewellery. C. Davenport. Second Edition. 
John Hoppner. H. P. K. Skipton. 

Sir Joshua Reynolds. J. Sime. Second 
Edition. 

Millet. N. Peacock. Second Edition. 

Miniatures. C. Davenport, V.D., F.S.A. 
Second Edition. 

Our Lady in Art. Mrs. H, Jenner. 
Raphael. A. R. Dryhurst. 

Rodi n. M Uriel Ciolkowska. 

Turner. F. Tyrrell-Gill. 

Vandyck. M. G. Smallwood. 

Velazquez. W. Wilberforce and A. R. 
Gilbert. * 

Watts. R. E. D. Sketchley. Second Edition. 


The Little Galleries 


Demy \^mo. * zs, 6d. net each volume 

Each volume contains 20 plates in Photogravure, together with a short outline 
^ the life -ancUwork of the master to whom the ^ok is devoted 

A Little Gallery op Reynolds. j A Little Gallery of Hoppner. 

A Little Gallery of Romney. I A Little Gai.lery of Millais. 

i 

The Little Guides 


With many Illustrations by E. H. New and other artists, and from photographs 
* Small PqH Svo. Cloth, 2s, 6d. net ; leather, 31. (id, net each volume 

The main features of these<j’uides are ( i) a handy and charming form ; (2) illus- 
trations from photographs and by well-known artists; ^(3) good plans and maps; 
(4) an adequate but compact, presentation of everything that is interesting in the 
natural features, history, archoeology, and architecture of the town or district treated 


Cambridge and its Colleges. A. H. 
Thompson. Third Edition, Revised. 

Channel Islands, The. E.T£. Bicknell. 

English Lakes; The. F. G. Biabant. 

,}< 

% 


Isle of Wight, The. G. Qinch. 

London. G. Clinch. ^ 

Malvern Country, The. Sir B.fc.A.Windte, 
North Wales. ^ T. Story. 
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The Little Ooides— 

Oxford and its Collbgbs. J. Wells. 
Ninth Edition, 

St. Paul’s Cathedral. G. CKnch. 

Shakespeare’s Country, Sir B. C. A. 
Windle. Eifth Edition, 

South Wales. G. W. and J, H. Wade. 
Westminster Abbey. G» E. Troutbeck. 

Second Edition. 


Bi^RKSHiKB. F. G. Brabant. 
Bl'CKlNGHAMSHIRE. £. S. RosCOe. 

Cheshire. W. M. Gallichan. 

Cornwall. A. L. Salmon. Second Edition. 
Derbyshire, J. C. Cox. 

Devon. S. Baring-Gould. Third Edition.' 
Dorset. F. R. Heath. Third Edition. 
Durham. J. E. Hodgkin. 

Essex. J. C Cox. 

Hampshire. J. C. Cox. Second Edition. 
Hertfordshire. H. W. Tompkins. 

Kent, G. Clinch. 

Kerry. C. P. Crane. Second Edition. 

Leicestershire and Rutland. A. Harvey 
and V. B. Crow ther- Bey non. 

Middlesex. J. B. Firth. 

Monmouthshire, G. W. and J. H. Wade. 


iloRFOLK. tv. "A. Dutt. Third Edition^ 
Revised. 

Northamptonshire. W. Dry. New nnd 
Revised' Edition. 

Northumberland. J. E. Morris. 
Nottinghamshire. L. Guilford. 
Oxfordshire. F. G. Brabant. 

Shropshire. J. E. Auden. 

Somerset. G. W. and J. H. Wade. Second 
Edition. 

Staffordshire. C. Masefield. 

Suffolk. W. A. Dutt. 

Surrey. J. C Cox. * 

Sussex. F. G. Brabant. Third Edition. 
Wiltshire. F. R. Heath. 

Yorkshire, The East Riding, J. E. 
Morris. 

Yorkshire, The North Riding. J. E. 
Morris. 

Yorkshire, The West Riding. J. E. 
Morris. Cloihy ^s. 6d. net; leather^ ^s. 6d. 
net. 


Brittany. S. Baring-Gould. 
Normandy. C. Scudamore. 
Rome. C. G. Eilaby. 

Sicily. F. H. Jackson. 


The Little Library 

With Introduction, Notes, and Photogravure Frontispieces 
Small Pott Svo, Each Volume, cloth, ir. (>d. net 
Anon. A LITTLE BOOK OF ENGLISH 1 Blake (William). SELECTIONS FROM 


LYRICS. Second Edition. 


THE WORKS OF WILLIAM BLAKE. 


Austen (Jane). PRIDE AND PREJU- Borrow (George). LAVENGRO. Tivo 


DICE. Two Volumes. 
NORTHANGER ABBEY. 


Volumes. 

THE ROMANY RYE. 


essays OF grownln A (Roberta SELECTIONS FROM 
i.UKD .pjjjj. £^rlY poems of ROBERT 

Barham (R. H.). THE INGOLDSBY BROWNING. 

LEGENDS. Two Volumes. ^ « 

CannlnA(Geortfe). SELECTIONS FROM 
Barnett (Annie). A LITTLE BOOK OF JHE ANTI-JACOBIN : With some later 
ENGLISH PROSE. George Canning. 

Beckford (WUliara). THE HISTORY OF Cowley (Abraham). THE ESSAYS OF 
THE CALIPH VATHEK. ABRAHAM COWLEY. 


Brownin A (Robert). SELECTIONS FROM 
THE EARLY POEMS OF ROBERT 


BROWNING. 


CannlnA(GeorAe). SELECTIONS FROM 
THE ANTI-JACOBIN: With some later 
Poems by George Canning. 


ABRAHAM COWLEY. 
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The Little Library— conf/nyecf 

Grabbe (George). SELECTIONS ""frOM 
THE POEMS OF GEORGE CRABBE. 

Cralk (Mrs.). JOHN HALIFAX, 
GENTLEMAN. Two Volumes. 

•Crashaw (Richard). THE ENGLISH 
H>EMS OF RICHARD CRASHAW. 

Dante Alighieri. THE INFERNO OF 
DANTE. Translated by H. F. Cary. 

‘ THE PUr6aT 0RIO OF DANTE. Trans- 
lated by fi. F. Cary. 

THE PARADISO OP DANTE. Trans- 
lated 'by H. F. Cary. 

Darley (George). SELECTIONS FROM 
THE POEMS OF GEORGE DARLEY. 

Dickens ^Charles). CHRISTMAS BOOKS. 
Two Volumes, 

Ferrler (Soean). MARRIAGE. Two 

Volumes. 

THE INHERITANCE. Tivo Volumes. 

Gaskeli (Mrs.). CRANFORD. Second 
Edition. 

Hawthorne (Hathanlel). THE SCAkLET 
LETTER. 

Henderson (t. P.). A LITTLE BOOK OF 
Scottish verse. 

Kinglake (A. W,). EOTHEN. s'econd 
Edition. » 

Lamb (Charles). ELIA, AND THE LAST 
E36AYS OF ELIA. ^ 

Locker (F.). 4.0ND0N LYRICS. 


The Little Quarto Shakespeare. 

Edited by W. J. CRAIG. With Introductions and Notes 
Pott l 6 ffio. 40 Volumes. Leather^ price ir. net each volume 
PPahogany Revolving Book Case. lor. net 


Miniature Library 

Demy izmo. Leather^ ij. net each volume 

Euphranor : A Dialogue on Youth. Edward Polonius; or, Wise Saw^and Modern In- 
FitzCJerald. , stances. Edward FitzGerald. « 

The Life of Edward, Lord Herbert of The RubaiyAt of Omar KhayyAm. Edward 
CnERCUKY, Written by himself. FitzGerald. Fourth Edition, 


Marvell (Andrew). THE POEMS OF 
ANDREW MARVELL. 

Milton (dohn> THE MINOR POEMS OF 
JOHN MILTON. 

Molr(D.M.). MANSIE WAUCH. ' 

Nichols (Bowyer). A LITTLE bUoK OF 
ENGLISH SONNETS. 

Smith (Horace and James). REJECTED 
ADDRESSES. 

Sterne (Laurence). A SENTIMENTAL 
JOURNEY. 

Tennyson (Alfred, l4)rd). THE EARLY 
POEMS OF ALFRED, LORD TENNY- 
SON. 

IN MEMORIAM. 

•THE PRINCESS. 

MAUD. 

Thackeray (W. M.). VANITY FAIR. 

Three Volumes. 

PENDENNIS. ‘Three Volumes. 

HENRY ESMOND. 

CHRISTMAS BOOKS. 

# 

Vaughan (Henry). THE POEMS OF 
HENRY VAUGHAN. 

Waterhouse (Elizabeth). A LITTLE 
BOOK OF LIFE AND DEATH. 
Fourteenth Edition. 

Wordsworth (W.). SELECTIONS FROM 
THE POEMS OF WILLIAM WORDS- 
WORTH. ^ 

Wordsworth (W.) and Coleridge (S. T.). 

LYRICAL BALLADS. Second Edition. 
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Thfi New Ltbrai^ of Vedi^ine 

Edited by C. W. SALEEBY. 


Carr of the Body, The. F. Cavanngh. 
Second Edition, ^s. (d> net. 

Children of the Nation, The. Hie Right 
Hon. Sir John Gorst. Second Edition. 
yj. 6 d^. net. 

Diseases of Occupation. Sir Thos. Oliver- 
xoJ. td. net. Second Edition. 

Drink Problem, in its Medico-Sociological 
Aspects, The. Edited by T. N. Kelynack. 
yj. 6 </. net. 

Drugs and the Drug Habit. H. Sains- 
bury. 


Demy Svo 

FuNCTio^fAL Nerve Diseases. A. T. Scho- 
field. 7 ^, 6d. net. 

Hygiene of Mind, The. T. S. Clouston, 
Sixth Edition, js. 6d. net. 

Infant MosTALm, Sir George Newman. 
js. (id. net. 

Prevention op Tuberculosis (Consump- , 
tion), The. Arthur Newshuhne. ics. 6d. 
net. Second Edition. 

• 

Air and Health. Ronald C. Macfie. 7 X. (d. 
net. Second Edition, 


The New Library of Music 

Edited by ERNEST NEWMAN. Illustrated. Demy Svo, ys. 6d. net 
Brahms. J. A. Fullcr-Maitland. Second I Handel. R. A. Sireatfeild. Second Edition. 
Edition. j jjygQ Wolf. Ernest Newman. 


Oxford Biographies 

Illustrated. Fcap. %vo. Each volume y cloth y 2s. 6d. net ; leathery y, 6d. net 


Dante Alighieri. Paget Toynbee. Third 
Edition. 

Girolamo Savonarola. E. L. S. Horsburgh. 
Sixth Edition. 

John Howard. E. C. S. Gibson. 

Alfred Tennyson. A. C. Benson. Second 
Edition, 

Sir Walter Raleigh. I. A. Taylor. 


Erasmus. E. F. H. Capey. 

Robert Burns. T. F. Henderson. 
Chatham. A. S. McDowall. 

Canning. W. Alison Phillips. 
Beaconsfield. Walter Sichel. 

Johann Wolfgang Goethe. H. G. Atkins. 
Fra.n^ois de Fenelon. Viscount St Cyres. 


Four Plays 

Fcap. Svo. 2s. net 


PiiE Honeymoon. A Comedy in Three Acts. 
Arnold Bennett. Second Edition. 

The Great Adventure. A Play of Fancy in 
Four Acts. Arnold Bennett. Second Edition. 

Milestones. Arnold Bennett and Edward 
Knoblauch. Sixth Edition. 


Kismet. Edward Knoblauch. Third Edi- 
tion. 

Typhoon. A Play in Four Acts. Melchior 
Lengyel. English Version by Laurence 
Irving. Second Edition. 


The States of Italy 

Edited by E. ARMSTRONG and R. LANGTON DOUGLAS 

Illustrated. Demy Svo 

A History of Milan under the Sforza. | A History of Vfrona. A. M. Allen. 
Cecilia M. Ady. lox. 6d. net. j 12 ^. bd. net, 

A History of Perugia. W. Heywood. tts. 6d. net. 



Methuen and Company Limited 


The WestlnhisteF. CommeBtaries 

General Editor, .WALTER LOCK 

Demy %vq 


The Acts op the Apostles. Edited by R. 
Rackham. Sixth Edition. i<«. td. 

The' Fiest Epistle op Paul the Apostle 
TO THE Corinthians. Edited by H. L. 
Goudge. Third Edition, ts, ' 

The Book' of Exodus. Edited by A. H. 

With a Map and 3 Plans. lof. i>d. 

The Book op Ezekiel. Edited by H. A. 
Kedpfith. loj. ()d. 

The Book of Genesis. Edited, with Intro- 
duction and Notes, by S. R. Driver. Ninth 
Edition, xos, 6d. 


Additions and Corrections t» the 
Seventh and Eighth Em noNs or the 
. Book of Genesis. S. R. Driver.* is. 

The Book of the Prophet Isaiah. 

Edited by G. W. Wade., los. 6d. ■ 

The Book op Job. Edited by E. C. S. Gib- 
son. Second Edition. 6s. 

The Epistle op St. James. Edited, with 
Introduction and Notes, by R, J. Knowling. 
Sicond Edition. 6s. 


The ‘Toong’ Series 

Illustrated. Crotmi Sztti 


The Young Botanist. W. P. Westell and The Young Engineer. Hammond Hall. 
C. S. Cooper. 3J. net. Third Edition* s^. 

The Young Carpenter. Cyril Hall. st. 

The Young Electrician. Hammond Hall. The Young Ornith^oglst. W. P. Westell. 
S^. 5^- 


Methuen’s Shilling Library 

Ara/. 8pe. is. net 


Blue Bird, The. Maurice Maeterlinck. 
*Chaii:les Dickens. G. K. Chesterton, 
*Ch1Irmidrs, and qthe# Poems. Oscar 
Wilde. • 

ChitrXl ; The Story of a Minor Siege. Sir 
G. S. Robeitson. 

Condition of England, The. G. F. G* , 
Masterman. a 

De Profundis. Oscar Wilde. 

From Midshipman to Field-Marshal. 

Sir Evelyn Wood, F.M., V.C. 

Harvest Home. E. V. Lucas. 

Hills and the Sea. Hilaire Belloc. 
Huxley, Thomas Henry. P. Chaliners- 
Mitchell. 

Ideal Husband, An. 0.scar Wilde. 
Intentions. Oscar Wikie. , 

Jimmy Glover, his Book. James M. 
Glover. 

John Boyes, King of the Wa-Kikuvu. 

John Boyes. 

Lady Windermere’s Fan. Oscar Wilde. 
Letters from > Self-made Merchant 
TO HIS Son. George Horace lh<orinie>‘- 


Life of John Ruskin, The. W. G. Colling- 
wood. 

Life of Robei^ Louis Stevenson, The. 

Graham Balfour. 

Life of Tlnnyson, The. A. C. Benson. 

Ljttle of Everything, A. E. V. Lucas. 

IxiRD Arthur Savile’s Crime. Oscar Wilde, 

Lore of the HoNEt-BEE, The. Tickner 
Edwardes. 

Man and the Universe. Sir Oliver Lodge. 

Mary Magdalene. Maurice Maeterlinck. 

Old Country Life. S. Baring-Gould. 

Oscar Wilde; A Critical Study. Arthur 
Ransome. 

Parish Clerk, THe. P. H. Ditchficld. 

Selected Poems. Oscar Wilde. 

Sevastopol, and other Stories. Leo 
Tolstoy. 

Two Admirals. Admiral John Moresby. 

Under Five Reigns. Latiy Dorothy Nevill, 

Vailima Letters. Robert LouiS Stevenson. 

Vicar of Morwenstqw, The. S. Baring- 
Gould. ft 




General Literaturb . 


Books for TmTollon . 

Crown Svo. 6s. each 

Each volume contains a number of Illustrations in Colour 


Avon and Shakespeare's Countrv, The. 
A. G. Bradley. 

Black Forest, A Book op the. C. E 
Hughes. 

Bretons at Home, The. F. M. Gostling. 
Cities op I.omdakdy, The. Edward Hutton. 

Cities of Romagna anii the Marches, 
The. Edward Hutton. 

Cities of Spain, The. Edward Hutton. 
Cities of Umbria, The. Edward Hutton. 
Days in Cornwall. C. Lewis Hind. 

Florence and Northern Tuscany, with 
Genoa. Edward Hutton. 

Land of Pardons, The (Brittany). Anatolc 
Le Braz. 

Naples. Arthur H. Norway. 

Naples Riviera, The. H. M. Vaughan. 
New Forest, The. Horace G. Hutchinson. 


Norfolk Broads, The. W. A. Dutt 
Norway and its Fjords. M. A. ^v’yllie. 
Rhine, A Book of the. S. Bariiig-OouJd. 
Rome. Edward Hutton. 

Round about Wiltshire. A. G. Bradley. 

Scotland of To-day. T. F. Henderson and 
Francis Watt. • 

Siena and Southern Tuscany. Edward 
Hutton. 

Skirts of the Great City, The. Mrs- A. 
G. Bell. 

Through East Anglia in a Motor Car. 
J. E. Vincent. 

Venice and Venetia. Edward Hutton. 
Wanderer in Florence, A. E. V. Lucas. 
Wanderer in Paris, A. E. V. Lucas. 
Wanderer in Holland, A. E. V. Lucas. 
Wanderer in London, A. E. V. Lucas. 


Some Books on irt 


Armourer and his Craft, The. Charles 
fidulkes. Illustrated. Royal 4 ^to. £2 2s. 
net. 

Art and Life. T. Sturge Moore. Illustrated. 
Cr. Svo. 5Jr. ncf. 

British School, The. An Anecdotal Guide 
to the Brilidi Painters and Paintings in the 
National Gallery. E. V, Lucas. Illus- 
trated. Roap. Zvo, 2S. 6 d. net. 

^Decorative Iron Work. From the xith 
to the XVII ith Century. Charles ffoulkes. 
Royal i,to. £2 2S. net, 

Francesco Guardi, 1713-1793. G. A. 
Simonson. Illustrated. Ititperial \to. 
£2 2S. net. 

Illustrations of the Book of Job. 
William Blake. Quarto. £i is. net. 

John Lucas, Portrait Painter, 1828-1874. 
Arthur Lucas. Illustrated. Imperial ^o. 
£^ y net. 

Old Paste. A. Beresford Ryley. Illustrated. 
Royal ^to. £2 25. net. 

One Hundred Masterpieces of Painting. 
With an Introduction by R. C. Witt. Ilhi**- 
trated. Second Edition. DemyZvo, lor. 6^. 
net. 


One Hundred Masterpieces op Sculpture. 
With an Introduction by G. F. Hill. Illus- 
trated. Demy Zvo. loj. 6^. net. 

Romnet Folio, A. With an Essay by A. B. 
Chamberlain. Impetial Folio. £\^ 15J, 
net. 

*RoyAL Academy Lectures on Painting. 
George Clausen. Illustrated. Crown Zivo. 
5r, net. 

Saints in Art, The. Margaret E. Tabor. 

Illuslrated. Second Edition^ Revised. Fcap. 
. Zvo. 3J. 6 d. net. 

Schools of Painting. Mary Innes. Illus- 
trated. Cr. Zvo. sr. net. 

Celtic Art in Pagan and Christian Times. 
J. R. Allen. Illustrated. Second Edition. 
Vetny Zvo. js. 6 d, net. 

* Classics of Art.’ See page 14. 

‘The Connoisseur's Library.’ See page 15. 

‘ Little Books on Art.’ See page 18. 

‘ The Little Galleries.' See page 18. 


24 


Methuek and Company Limited 


Some Books on Italy 


Etruria and Modern Tuscany, Old. 

L. Cameron, Illustrated. Second 
Mditims Cr, 6j. net. 

♦ Florence : Her History and Art to the Fall 
dF,the Republic. F. A, Hyett. Demy Zvo. 
7 ^. erf. net, 

FLORBNf^B, A Wanderer in. E.'V. Lucas, 
lllustrateij. Fourth Edition. Cr. Zvo. 6s. 

Florence ^nd her Treasures. H. M. 
Vaughan. Illustrated. Fca/. Zvo. y. net. 

Flork*jce, Country Walks about. Edward 
Hutton. Illustrated, Second Edition 
Fcap. Zvo. y, net. 

Florence and the Cities of Northern 
Tuscany, vtriTH Genoa. Edward I^tton. 
Illustrated. Second Edition. Cr. Zvo. 6s. 

Lombardy, The Cities of. Edward Hutton. 
Illustrated. Cr. Zvo. 6s. 

Milan under the Sforza, A History of. 
Cecilia M. Ady. Illustrated. Demy Zvo. 
loi-. 6d. net. 

Naples : Past and Present. A. H. Norway. 
Illustrated. Third Edition. Cr. Zvo. 6s. 

Naples Riviera, The. H. M. Vatighan. 
Illustrated. Second Edition. Cr. Zvo. Os. 

Perugia, X ^story of. William Heywood. 
Illustrated. Zvo. J2S. 6d. net. 

R^me. Edward Hutton. Illustratcdi TJtird 
Edition, Cr. Zvo. 6^. 

Romagna and the Marches, The Cities 
OF. Edward Hutton. Cr. Zvo. 6s. 

Romjn Pilgrimage, A. ^R, E. Roberts. 
Illustrated. Demy Zvo. los. 6d. net. • 

Rome of ti/e Pilgrims and Martyrs, 
Ethel Ross Barker. Demy Zz^o. 12s. 6d. 
net. 

Rome. C. G. Ellaby. Illustrated. S^all 
Pott Zvo. Clothf 2S. 6d. net ; leather ^ y. 6d. 
net. 

Sicily. F. H. Jackson. Illustrated. Small 
Pott Zvo. Cloth., 2s. 6d. net ; leather, y. 6d. 
net. * 

Sicily : The New Winter Resort. Douglas 
Sladen. Illustrated, Second Edition. Cr. 
Zvo. sr. net. 

Siena and Southern Tuscany. ’Edward 
Hutton. Illustrated. Second Edition, Cr. 
Z(vo. ^ 


Umbria, The Cities op. Edvrard Hutton. 
Illustrated. Fifth Edition. Cr, Zvo. 6s. 

Venice and Venepia. Edward !HuUon. 
Illustrated. Cr. 8e'i>. 6s. ^ 

Venice on Foot. H. A. Douglas. Illus- 
trated. Second Edition. *Fcap.Zw. y.net. 

Venice and her Treasures. H. A. 
Douglas. Illustrated. Fcap, Zvo. y. net. 1 

Verona, A History of. A. M. Allen. 
Illustrated. Demy Zvo. S2S. 6d. net. 

Dante and his Italy. Lonsdale Ragg. 
Illustrated. Demy Zvo. 12s. 6d. net. 

Dante Alighieri : His Life and Woiks. 
Paget Toynbee. Illustiatcd. Cr. 8w. y. 
net. 

Home Life in Italy. Lina Duff Gordon. 
Illustrated. Third Edition. Demy Zvo. 
loj. 6d. net. 

Lakes of Northern Italy, The. Richard 
Bagot. Illustrated. Fcap. Zvo. $s, net. 

Lorenzo the Magnificent, E. L. S. 
Horsburgb. Illustrated. Second Edition. 
Demy Zvo. 15s, net. 

Medici Popes, The. H. M. Vaughan. Illus- 
trated. Demy Zvo. \y.nei. 

St. Catherine of Sifna and her Times. 

By the Author of ‘ Mdlle. Mori.’ Illustrated. 
Second Edition.^ Demy Zvo. y. 6d. net. 

S. Francis of Assisi, The Lives of. 
Brother Thomas of Celano. Cr. Zvo, y. 
net. 

•Savonarola, Girolamo. E. L. S. Horsburgb. 
Illustrated. Cr. Zvo. #5^. net. 

Shelley and his Friends in Italy. Helen 
R. Angeli. Illustiatcd. Demy Zvo. ios.6d. 
net, 

Skie.s Italian : A Little Breviary for Tra- 
vellers in Italy. Ruth S. Phelps. Fcap. Zvo, 

SS. net. 

United Italy.' F. M. Underwood. Detny 
Zvo. los. 6d. net. 

Woman in Italy. W. Boulting. Illustrated. 
Deiny Zvo. los. 6d. net. 


Fiction 
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Albanesi (B. Maria). SUSANNAH AND 
ONE OTHER. Fourth Edition. Cr, 
^vo. 6s. 

THE BROWN EYES OF MARY, mrd 
Edition. Cr. Zvo, dr. 

I KNOW A MAIDEN. Third Edition. 
Cr, Bvo. 6s. 

THE INVINCIBLE AMELIA; -or, The 
Polite Adventuress. Third Edition. 
Cr. Zvo. y. 6d. 

THE GLAD HEART. Fi/th Edition. Cr. 
8vo. 6s. 

OLIVIA MARY. Fourth Edition. Cr. 
Zvo. 6s. 

THE BELOVED ENEMY. Second Edition. 
Cr. Zvo. 6s 

Bagot (Richard). A ROMAN MYSTERY. 

Third Edition Cr. Zvo. 6f. 

THE PASSPORT. Fourth Edition. Cr. 
Zvo. 6s. 

ANTHONY CUTHBERT. Fourth Edition. 
Cr. Zvo. 6s, 

LOVE'S PROXY. Cr. Zvo. 6s. 

DONNA DIANA. Second Edition. Cr. 
Zvo. 6s. 

CASTING OF NETS. Tivet/ih Edition. 
Cr. Zvo. 6s. 

THE HOUSE OF SERRA VALLE. Third 
Edition. Cr. Zvo. 6s. 

DARNELEY PLACE. Second Edition. 
Cr. Zvo. ’ 6s. 

Bailey (H.C.). STORM AND TREASURE. 

Third Edition. Cr. Zvo. 6s. 

THE LONELY QUEEN. Third Edition. 
Cr. Zvo. 6j. 

THE SEA CAPTAIN. Cr. Zzn>. 6s. 

Barlng-Gould (S.). IN THE ROAR OF 
THE SEA. Eighth Edition. Cr. Zvo. 6s. 
MARGERY OF QUETHER. Second Edi- 
iion. Cr, Zvo. 

THE QUEEN OF LOVE. Fi/th Edition. 
Cr. Zvo. 6s. 

JACQUETTA. Third Edition. Cr.Zvo. 6s. 
KITTY ALONE. Fifth Edition. Cr.Zvo. 6s. 
NOEMI. Illustrated. Fourth Edition. Cr, 

THE BROOM-SQUIRE. Illustrated. I^'/th 
Edition. Cr. Zvo. 6s. 


BLADYS OF THE STEWPONEY. lUus- 
trated. Second Edition. Cr. Zoo. 6s. 
PABO THE PRIEST. Cr. Zoo. 6s. 
WINEFRED. Illustrated. Second Edition* 
Cr. Zvo. 6s. • 

ROYAL GEORGIE. Illustrated. Cr. Zm. 6s. 
IN DEWISLAND. Second Edition. Cr. 
Zvo, 6x. 

MRS. CURGENVEN OF CURGENVEN. 
Fifth Edition. Cr, Zoo. 6s, 

Barr (Robert). IN THE MIDST OF 

ALARMS. Third Edition, Cr.Zvo. 6s. 
THE COUNTESS TEKLA. Fifth Edition. 
Cr. Zvo. 6s. 

THE MUTABLE MANY. Third Edition. 
Cr. Zvo. dr. 

Begbfe (Harold). THE CURIOUS AND 
DIVERTING ADVENTURES OF SIR 
J^OHN SPARROW, Bart.; or, The 
Progress of an Open Mind. Second 
Edition. Cr. Zvo. 6s. 

Belloc (H.), EMMANUEL BURDEN, 
MERCHANT. Illustrated. Second Edi- 
tion, Cr. Zvo. 6s. 

A CHANGE IN THE CABINET. Third 
Edition. Cr. Zvo. 6s. 

Bennett (Arnold). CLAVHANGER. 

Eleventh Edition. Cr. Zvo. 6s. 

THE CARD. Sixth Edition, Cr. Zvo. dr. 
HILDA LESSWAYS. Eighth Edition. 
Cr. Zvo. dr. 

BURIED ALIVE. Third Edition. Cr. 
Zvo. dr. 

A MAN FROM THE NORTH. Third 
Edition. Cr. Zvo. dr. 

THE MATADOR OF THE FIVE TOWNS. 

Second Edition, Cr. Zvo. 6s. 

THE REGENT : A Five Towns Story of 
Adventure in London. Third Edition. 
Cr. Zvo. 6s. 

ANNA OF THE FIVE TOWNS. Fca^. 
Zvo. IS. net. 

TERESA OF WATLING STREET. Fea^. 
Zvo. IS. net, 

Benson (B. F.). DODO : A Detail of the 
Day. Sixteenth Edition. Cr. Zvo. 6s. 
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Blrmln^m (G«org6 A A SPANISH 
GOLD. Stwnteentk EdiHon. Cr wtf. ts. 
Also Fcap. 8em>. ij. neL 
THE SEARCH PARTY. Sixth Edition. 
Cr. Bvo. 6s. 

Also Fca^. %vo. ts. net. 

LALAGE’S LOVERS. Third Edition. Cr. 
f 8(^0. 6x. 

Tip ADVENTURES OF DR. WHITTY. 
F(Asrth Edition. Cr. 8vo. 6s. 

Bo««n (ffariorie). I WILL MAINTAIN 
J\lmth Edition* Cr. Bvo. 6s. 

• DEFENDETR OF THE FAITH. Seventh 
Edition, ^r, inoo* 6s. 

A KNIGHT OF SPAIN. Thifd Edition. 

THeIJuEST of glory. Third Edition. 
Cr. 8vo. 6s. 

GOD AND THE KING. Fifth Edition. 

THE G^qVERNOR OF ENGLAND. Second 
Edition. Cr. 8vo. 6j. 

Castle (A|ne8 and E^erton). THE 

GOLDEN BARRIER. Cr.lvo. 6s. 

•Chesterton (G. K.). THE FLYING INN. 
Cr. 8vo. 6s. 

Clifford (Mrs. W. K.). THE GETTING 
WELL OF DOROTHY. Illustrated. 
Third Edition, Cr. Svo. 3s. 6d. 

Conrad (Joseph). THE SECRET AGENT: 
A Simple Tale. Fourth Edition. Cr. 8vo. 
6s. ' ^ ■ 

A SET OF S-#X. Fourth Edition. Cr. %vo. 6f. 
UNDER WESTERN EYES, Second Edu 
non. Cr. Svo. 6s. j# . 

CHANCE, Cr.8vo. 6s. 

Conyers (Dorothea). SALLY. Fourth 
Edition. Cr. Svo. 6s. 

SAI^Y MARRIED. Third Edition. Cr. 
Svo. 6s. - e ^ 

CorelU (Marte). A ROMANCE OF TWO 
WORLDS, Tkirty Second Edition. Cr. 
Svo. 6s. 

VENDETTA; or, The Story of one For- 
gotten, Thirtieth Edition. Cr. 6^. 
THELMA: A Norwegian Princess. 

Forty-third Edition. Cr. 8vo. 6s. 
ARDATH: The Story of a Dead Self. 

Twenty frst Edition. Cr. Svo. 6s. 

THE^ SOUL OF LILITH. Seventeenth 
Edition. Cr. Bvo. 6f. 

WORMWOOD: A Drama oa ‘Paris. 

Nineteenth Edition. Cr. Svo. 

BARABBAS : A Dream of the World’s 
Tragedy. Forty-sixth Edition.^ Cr. Svo. 

THE SORROWS OF SATAN. Fr/ty- 
eixhth Edition. Cr. Svo. 6s. 

THE MASTER-CHRISTIAN. Fourteenth 
Edition, T79/A Thousand. Cr. Svo. 6s. 
TEMPORAL POWER: A Study in 
Supremacy. ^Second Edition. \yoth 
Thousand. Cr. Svo. 6s. « 

F 


GOD’S GOOD MAN : A Simple Love 
, Storv. Sixteenth Edition. x$ith Thou- 
sand. Cr. Svo, 6s. 

HOLY ORDERS : The Tragedy of a 
Quiet Life. Second Edition. iaoth 
Thousand. Cr. Svo. 6s. 

THE MIGHTY ATOM. Twenty-ninth 
Edition. Cr. Svo. 6s. . 

Also FcaP. Svo. ir. net. 

BOY : A Sketch. Tf.ifteenth Editkn. Cr. 
Sz*o. 6s. 

A iso Fcaf. Svo. is, net. 

CAMEOS. Fourteenth Edition. Cr. Svo. 
6s. 

THE LIFE EVERLASTING. Sixth Edi- 
tion. Cr. Svo. ,6s. 

JANE: A Social Incident. Fcap. Svo. 
IS, net. 

Crockett (8. R.). LOCH INVAR. Illus- 
trated. Third Edition. Cr. Svo. 6s. 

THE STANDARD BEARER. Second 
Edition. Cr. Svo. 6s. 

Croker (B. M.). THE OLD CANTON- 
MENT. Second Edition. Cr. Svo. 6s. 
lOHANNA. Second Edition. Cr, Szio. 6s. 
THE HAPPY VALLEY. Fourth Edition. 
Cr. Svo. 6j. 

A NINE DAYS’ WONDER. Fifth Edi- 
tion. Cr. Svo. 6s. 

ANGEL. Fifth Editipn. Cr, Svo. 6j. 
KATHERINE THE ARROGANT. Seventh 
Edition. Cr. Svo. 6s, 

BABES IN THE WOOD. Fourth Edition: 
Cr. Svo. 6s. 

•Danby (Prank). JOSEPH IN JEOPARDY. 
Fcaf. Svo. is. net. 

Doyle (Sir A. Conan). ROUND THE RED 
LAMP. Twelfth Edition. Cr. Svo. 6s. 
Also Fcap, Svoi is. net. 

Drake (Maurice). WO2. Fifth Edition. 
Cr. 8t»<7. 6s. 

Plndlater(J. H.). THE GREEN GRAVES 
OF BALGOWRIE. Fifth Edition. Cr. 
Svo. 6s. « 

THE LADDER TO THE STARS. Second 
Edition. Cr, Svo. 6s. 

Plndlater (Mary), A NARROW WAY. 

Fourth Edition. Cr. Svo. 6s, 

THE ROSE OF JOY. Third Edition. 
Cr. Svo. 6s. 

A BLIND BIRD’S NEST. Illustrated. 
Second Edit i^. Cr. Svo, 6s. 

Pry (B. and C. B.). A MOTHER’S SON. 
Fifth Edition. Cr. Svo. 6s. 

Harraden (Beatrice). IN VARYING 
MOODS. Fourteenth Edition. Cr. Svo. 6s. 
HILDA STRAFFORD and THE REMIT- 
TANCE MAN. Twelfth EMtion. Cr. 
Svo. 6s. 

INTERPLAY, F^h Edition. Cr. Svo. 6s. 
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HauDtmanii (Oerhaf^). THE FOOt IN 
CHRIST : Emmanuel Quint. Translated 
by Thomas Seltzer. Cr. Zvo. (a, 

Hiohent (Robert). THE PROPHET OF 
BERKELEY SQUARE. Second Edition, 
Cf'* 6s. 

TONGUES OF CONSCIENCE, 

Edition. Cr. Zvo. 6s. 

FELIX: Three Years in a Life. 7V«/A 
Edition. Cr. Zvo. 6s. 

THE WOMAN WITH THE FAN. Ei^/itA 
Edition. Cr, Zvo. 6s. 

A iso Fcap. Zvo. is. net. 

BYEWAYS. Cr. Zvo. 6s. 

THE GARDEN OF ALLAH, Twentj^- 
third Edition. Cr. Zvo. 6s. 

THE BLACK SPANIEL. Cr. Zvo. 6s. 
THE CALL OF THE BLOOD. JVinth 
Edition. Cr. Zvo. 6s. 

BARB ARY SHEEP. Second Edition. Cr. 
Zvo. v. 6d. 

Also Fcap. Zvo. is. net. 

THE DWELLER ON THE THRESHOLD. 
Cr. Zvo. 6s. 

THE WAY OF AMBITION. Fourth Edi- 
tion. Cr. Zvo. 6s. 

Hope (Anthony). THE GOD IN THE 
CAR. Eleventh Edition. Cr. Zvo. 6s, 

A CHANGE OF AIR. Sixth Edition. Cr. 
8tw>. 6 j. 

A MAN OF MARK. Seventh Edition, Cr. 

THE CHRONICLES OF COUNT AN- 
TONIO. Sixth Edition. Cr. Zvo. 6s. 
PHROSO. Illustrated. Ninth Edition. Cr. 
Zvo. 6s. 

SIMON DALE. Illustrated. Ninth Edition. 
Cr. Zvo. 6r. 

THE KING’S MIRROR. Fifth Edition. 
Cr. Zvo. 6s. 

QUISANT^l. Fourth Edition. Cr. Zvo. 6s. 
THE DOLLY DIALOGUES. Cr. 6s. 
TALES OF TWO PEOPLE. Third Edi> 
tion. Cr. Zvo. 6s. 

A SERVANT OF THE PUBLIC, Illus- 
trirted. Sixth Edition. Cr. Zvo. 6j. 

THE GREAT MISS DRIVER. Fourth 
Edition. Cr. Zvo. 6s. 

MRS. MAXON PROTESTS. TMrd Edi- 
tion. Cr, Zvo. 6s. 

Hutten (Baronesi von). THE HALO. 

Fifth Edition. Cr. Zvo. 6^. 

A Iso Fcap. Zvo. is. net. 

‘The Inner Shrine* (Author of). THE 

WILD OLIVE. Third Edition. Cr. Zvo. 
6s. 

THE STREET CALLED STRAIGHT. 

Fourth Edition. Cr. Zvo. 6s. 

THE WAY HOME. Second Edition. Cr. 
Zvo. 6f. 


I Jaoobi (W. W#). mAnY CARGOES. 
■ Thirty-third Hditim. Or* 8tw. 3^. 6d. 
Also Illustrated in colour. Demy Zvo. 
js. 6d. net. 

SEA URCHINS. Seventeenth Editim. Cr. 
Zvo. %s, bJi 

A MASTEf OF CRAFT. Illustrated. 

Tenth Edition. Cr, 3J. 6d. 

LIGHl’ FREIGHTS. Illu^itrated. Eleventh 
Edition. Cr. Zvo, 3^. 6d. 

A Iso Fcap. Srw. ts. net. 

THE SKIPPER’S WOOING. Eleventh 
Edition. Cr. Zvo. 3s. 6d. 

AT SUNWICH PORT. Illustrated. Tenth 
Edition. Cr. Zvo. 3s. 6d. 

DIALSTONE LANE. Illustrated. Eighth 
Edition. Cr. Zvo, 3J. 6d. 

ODD CRAFT. Illustrated. Fifth Edition. 
Cr. Bzw. 3s. 6d. 

THE LADY OF THE BARGE. Illustrated. 

Ninth Edition. Cr. Zvo. 3s. 6d. 
SALTHAYEN. Illustrated. Third Edition. 
Cr. Zvo, 3s. 6d. 

SAILORS' KNOTS. Illustrated. Fifth 
Edition. Cr. Zvo. 3s. 6d. 

SHORT CRUISES. Third Edition. Cr. 
Zvo. 3s. 6d. 

Jamei (Henry). THE GOLDEN BOWL. 
Third Edition. Cr. Zvo. 6s. 

LeQueux (William). THE HUNCHBACK 
OF WESTMINSTER. Third Edition. 
Cr. Zvo. 6s. 

THE CLOSED BOOK. Third Edition. 
Cr. Zvo. 6s. 

THE VALLEY OF THE SHADOW, 
Illustrated. Third Edition. Cr. Zvo. 6s. 
BEHIND THE THRONE. Third Edition. 
Cr. Zvo. 6s. 

London (Jack). WHITE FANG. Ninth 
Edition. Cr. Zvo. 6s, 

Lowndes (Mrs. Belloc). THE CHINK 
IN THE ARMOUR. Fourth Editioiu 
Cr. Zvo. 6s. net. 

MARY PECHELL. Second Edition. Cr. 
%vo. 6r. 

STUDIES IN LOVE AND IN TERROR. 

Second Edition. Cr. 8?;^. 6j. 

THE LODGER. Crown Zvo. 6j. 

Lucas (E. Y.). LISTENER’S LURE : An 
Oblique Narration. Tenth Edition. 
Fcap, Zvo. 3s. 

OVER BEMERTON'S : An Easy-going 
Chronicle. Eleventh Edition. Fcap. 8w. 
5 ^. 

MR. INGLES IDE. Tenth Edition. Fcap. 
Zvo. ss. 

LONDON LAVENDER. Sixth Edition. 
Fcap. Zvo. 5s. 
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Ly^ (Eani^ DERRICK VAUGHAN, 
NOVELIST. 44/* Thousand. <r. %vo. 

Macnantfhtaii (8.). THE FORTUNE OF 
CHRISTINA M‘NAB, Sixth Bdiiim. 
Cr, 8w. 2S . net, 

PETER AND JANE. Fourth Edition, 
f Cr, Benf. 6 s. 

, 

XalM (Lucai), A COUNSEL OF PER- 
FECTION. Second Edition. Cr. Boo. 6 s. 
COLONEL ENDERBY'S WIFE. Sixth 
. Edition. »Cr. Bvo. 6 s. 

THE HISTORY OF SIR RICHARD 
CALM AD Y: A Romance. Eiinik Edi- 
tion^ Cr. Bvo. 6 s. 

THE WAGES OF SIN. Sixteenth Edition. 
Cr. Bvo. 6x. 

THE CARISSIMA. Fifth Edition. Cr. 
800 . 6 s. 

THE GATELESS BARRIER. Ffth Edi- 
tion, Cr. 8 »o. 6 s. 

Mason ( 1 . E. W.). CLEMENTINA. 
Illustrated. Eighth Edition. Cr. Bvo. 6s. 

Maxwell (W. B.). THE RAGGED MES- 
SENGER. Third Edition. Cr.Bvo. 6 s. 
VIVIEN. Twelfth Edition. Cr.Bvo. 6 s. 
THE GUARDED FLAME. Seventh Edi- 
tion. Cr. Bvo. 6s. 

Also Fcap. Bvo. is. net. 

ODD LENGTHS* Second Edition. Cr.Bvo. 

HILL RISE. Fourth Edition, Cr.Bvo. 6s. 

t\.ho f^cap. Bvo. IS. net. 4 ^ 

THE COUNTESS OF MAYBURY: Be- 
tween YolJ AND I. Fourth Edition, Cr. 
Bvo. 6s. 

THE RE«T CURE. Fourth Edition. Cr. 
Bv<ht 6 s. 41 

i 

Milne (R. A.).* THE DAY’S PLAY. Fifth 
Edition. Cr. Bvo. 6 s. 

THE HOLIDAY ROUND. Second Edition. 
Cr. Bvo. 6 s. 

Montague (C. E.). A HIND LET LOOSE. 

Tki^ Edition. Cr. Bvo. 6 s. 

THE MORNING’S WAR. Second Edition. 
Cr. Bvo. 

Morrl^n (Arthur). TALES OF MEAN 
STREETS. Seventh Edition, Cr.Bvo. 6s. 
Also Fcap. Bvo. is. net, 

A CHILD OF THE JAGO. Sixth Edition. 

Cr. Bvo. 6 s. » 

THE HOLE IN THE WALL. Fourth 
Edition, Cr. Bvo. 6 s. 

DIVERS VANITIES. Cr. Bvo, 6 s. 

Ollivant (Alfred). OWD BOB, THE 
GREY DOG OF KENMUIR. With a 
Frontispiece. Twelfth Edition. Cr. Bvo. 6 s, 


THE TAMING OF JOHN BLUNT. 

, Second Edition. Cr, Bt>o. 6 s. 

THE ROYAL ROAD. Second Edition. 
Cr. Bvo. 6 s. 

Onloni (OUxer). GOOD BOY SELDOM: 
A Romance or Advertisement. Second 
Edition. Cr. Bvo. 6 s. 

THE TWO KISSES. Cr. Bvo. 6 s^ 

Oppenheim (E. Phillips). MASTER OF 
MEN. Fifth Edition. »Cr. Bvo. ’6s. 

THE MISSING DELORA. Illustrated. 
Fourth Edition. Cr. Boo. 6s. 

Also Fcap* is. net, 

Oresy (Baroness). FIRE IN STUBBLE 

Fifth Edition. Cr. Bvo. 6 s. 

Also Fcap. Bvo. is. net. 

Oxenham (John). A WEAVER OF 
WEBS. Illustrated. Fifth Edition. Cr. 
. Bvo. 6s. 

THE GATE OF THE DESERT. Eighth 
Edition. Cr. Bvo, 6 s, 

*Also Fcap. Bvo. is. net, 

PROFIT AND LOSS. Fourth Edition. 
Cr. Bvo. 6 s. 

THE LONG ROAD. Fourth Edition. 
Cr. Bvo. 6 s, 

Also Fcap, Bvo. is.gtef. 

THE SONG OF HYACINTH, and Other 
Stories. Second Edition, Cr. Bvo. 6 s, 
MY LADY OF SHADOWS. Fourth 
Edition, Cr. Bvo. 6s. 

LAURISTONS. Fourth Edition. Cr. Bvo. 
6 s. 

THE COIL OF CARNE. Sixth Edition. 
Cr. Bvo. 6 s. 

THE QUEST OF THE GOLDEN ROSE. 

Fourth Edition^ Cr. Bvo. 6s. 

MARY ALL-ALONE. Third Edition. Cr. 
Bvo. 6s. 

Parker (Gilbert). PIERRE AND HIS 

♦ PEOPLE. Seventh Edition. Cr. Bvo, 6 s. 
MRS. FALCHION. Fifth Edition. Cr. 
Bvo. 6s. 

THE TRANSLATION OF A SAVAGE. 

Fourth Edition. Cr. Bvo. 6 s, 

THE TRAIL OF THE.,SWORD, Ulus- 
trated. Tenth Edition, Cr. Bvo. 6s. 
WHEN VALMOND CAME TO PONTIAC : 
The Storv of a Lost Napoleon. Seventh 
Edition, Cr. %vo. 6 s. 

AN ADVENTURER OF THE NORTH: 
The Last Adventures of ‘ Pretty 
Pierre.’ Fifth Edition. Cr. Bvo. 6s. 
THE SEATS OF THE MIGHTY. Illus- 
trated. Nineteenth Edition. Cr. Bvo, 6 s. 
THE BATTLE OF THE STRONG: A 
Romance of Two Kingdoms. Illustrated. 
Seventh Edition, ^r. Bvo, 6s. 
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the pomp of the lavilette^ 

Third Ediiion, Cr.%&o» p^,€d.» 
northern lights. Ffiurth EdiHan. 
Cr* 8 w. 6 t. 

THE JUDGMENT HOUSE. Cr. 8 w. 6 x. 

Pasturt (Mrt. Henry ila la). THE 

TVRANT. Fourth Editim* Cr, Sva. 6 #. 
Also Fcap, Bvo. is. net. 

Pemberton (Mnx> THE FOOTSTEPS 
OF A THRONE. Illustrated. Fourth 
Edition. Cr. Svo. 6s. 

1 CROWN THEE KING. Illustrated. Cr. 
Bvo. 6s. 

LOVE THE HARVESTER : A Story op 
THB Shires. Illustrated. Third Edition. 
Cr. Bw. y. 6d. 

THE MYSTERY OF THE GREEN 
HEART. Fifth Edition. Cr. Bvo. 2f. net 

Perrin (Alice). THE CHARM. Fifth 
Edition. Cr. Bvo. 6s. 

A Iso Fcaf. Bvo. is. net. 

THE ANGLO-INDIANS. Sixth Edition. 
Cr. Bvo. 6s. 

Phlllpotti (Eden). LYING PROPHETS. 

Third Edition. Cr. Bvo. 65. 

CHILDREN OF THE MIST. Sixth 
Edition. Cr. Bvo. 6s. 

THE HUMAN BOY. With a Frontispiece. 

Seventh Edition. Cr. Bvo. 6s. 

SONS OF THE MORNING. Second Edi^ 
Hon. Cr. Bvo. 6s. 

THE RIVER. Fourth Edition. Cr. Bvo. 6s. 
THE AMERICAN PRISONER. Fourth 
Edition. Cr. Bvo. 6s. 

KNOCK AT A VENTURE. Third Edition. 
Cr. Bvo. 6s. 

THE PORTREEVE. Fourth Edition. Cr. 
Bt»o. 6s. 

THE POACHER'S WIFE. Second Edition. 
Cr. Bvo. 6 s. 

THE STRIKING HOURS. Second Edition. 
Cr. Bvo. 6 j. 

DEMETER’S DAUGHTER. Tfurd Edi- 
tion. Cr. Bvo. 6s. * 

THE SECRET WOMAN. Fca^. Bvo. is. 
net. 

Plokthall (Marmadohe). SAID, THE 
FISHERMAN. Tenth Edition. Cr. Bvo. 
6s. 

Also Fcap. Bvo, is. net. 

*0»(A. T. Oulller-Couch). THE MAYOR 
OF TROY. Fourth Edition. Cr. Bvo. 6s. 
MERRY-G 4 RDEN AND OTHER StORIES. 
Cr. Bvo. 6s. 

MAJOR VIGOUREUX. Third Edition. 
Cr. Bvo. 6s. 


Rldfe (W. Pett). ERm Smmd Edition. 
Cr. Bro. 6s. 

A SON OF THE>TATE. ThHd Edition. 
Cr. Bvo. y. 6d. 

A BREAKER OF LAWS. A New Edition. 
Cr. Bvo4 3^-, 6d. 

MRS. GALEft S BUSINESS. Illustrated. 

Second Edition. Cr. Bvo. 6s. 

THE WICKHAMSES. Fourth Edition 
Cr. Bvo. 6s. 

SPLENDID BROTHER. Fourth Edition. 
Cr. Bvo. 6s. 

A Iso Fcap. Bvo. is. net. 

NINE TO SIK.THIRTY. Third Edition. 
Cr. Bvo. 6s. 

THANKS TO SANDERSON, Second 
Edition. Cr. Bvo. 6s. 

DEVOTED SPARKES. Second Edition. 
Cr. Bvo. 6s. 

THE REMINGTON SENTENCE. Third 
Edition. Cr. Bvo. 6s. 

Russell (W. Clark). MASTER ROCKA- 
FELLAR’S VOYAGE. Illustrated. 
Fifth Edition. Cr. Bvo. y. 6d. 

Sidgwiek (Mrs. Alfred). THE KINS- 
MAN. Illustrated. Third Edition. Cr. 
87a>. 6j. 

THE LANTERN-BEARERS. Third EdU 
tion. Cr. Bvo. 6s. 

THESEVERINS. Sixth Edition. Cr.Bvo, 
6s. 

A Iso Fcap. Bm. is. net. 

ANTHEA’S GUEST. Fourth Edition. Cr. 
Bvo. 6s. 

LAMORNA. Third Edition. Cr. Bvo. 6s. 
BELOW STAIRS. Second Edition. Cr. 
Bvo. 6s. 

Snatth (J. C.). THE PRINCIPAL GIRL. 

Second Edition. Cr. Bvo. 6s. 

AN AFFAIR OF STATE. Second Edition. 
Cr. Bvo. 6s. 

SomerYllle (E. (E.) and Ross (Martin). 

DAN RUSSEL THE FOX. Illustrated. 
Seventh Edition. Cr. Bvo. 6s. 

Also Fcap. Bsw. is. net. 

Thurston (E. Temple). MIRAGE. Fourth 
Edition. Cr. Bvo. 6s. 

Also Fcap. Boo, is. net. 

Watson (H« B. Marriott). ALISE OF 
ASTRA. Third Editiott, Cr. 8 w. Cf. 
THE BIG FISH. Third Edition. Cr.Bvo, 
6s, 

WebllnA (Pegft). THE STORY OF 
VIRGINIA rakFECT, ThUd Edition. 
Cr, Bvo. 6s. 

Also Fcap. Bvo. is. net. 
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THE SPIRIT OF MIRTH. Sixth MdUiw, 
Cr. Bw. ts, 

FELIX CHRISTIE. Third Edition, Cr, 

8w. 6*. 

THE PEARL STRINGER. Third Edi- 
tion. Cr. ivo. 6s. 

W^tfOp (Hair|ar«t) (Mra W. Sydney 
• Btac®y> TIDEMARKS, Third Edition. 
Ck Bvo, 6s. 

Weyman (Stanley). UNDER THE RED 
ROBE. Illustrated. Tnmniy-tHird Edi- 
. tion. Cr. £vo. 6s. 

Aiso Ecapj. 8tfo, is. net. 

Whitby (Beatrlfle). ROSAMUND. Second 
Edition. Cr. %vo. 6j. 

WUIiamaon (a H. and A. UX THE 
LIGHTNING CONDUCTOR : The 
Strange Adventures of a Motor Car. lllua* 
trated. Tweniy-Jirsi Edition, Cr. 8p^ 
AlsoCr.Zvo. xs.net. 

THE PRINCESS PASSES: A Romance 
o? A Motor. Illustrated, ninth Edition. 
Cr. Bvo. 6s. 

LADY BETTY ACROSS THE WATER. 
Eleventh Edition. Cr. Bvo. 6s. 

Also Fcap. Bvo. is, net. 


THE BOTOR CHAPERON. lUtistrated. 
Tenth Edition, Cr. Bm, 6s, 

* *Also Fcap, Boo. is, net. 

THE CAR OF DESTINY. Illuitrated. 

Seventh Edition, Cr, Bsw. 6s. 

MY FRIEND THE CHAUFFEUR. Illus- 
trated. Thirteenth Edition, Cr. 8w». 6s 
SCARLET RUNNER. Illustrated. ’ Third 
Edition, Cr. Bvo. 6s. ^ 

SET IN SILVER. Illustrated. Fonrth 
Edition. Cr, Bvo. 6s. 

LORD LOVELAND" DISCOVERS 
AMERICA. Second Edition. Cr. 8w, 6s. 
THE GOLDEN SILENCE. Sixth Edition. 
Cr. 8,vo. 6s. 

THE GUESTS OF HERCULES. Third 
Edition. Cr. Bvo. 6s. 

THE HEATHER MOON. Fifth Edition. 
Cr. Bvo. 6s. 

THE LOVE PIRATE. Illustrated. Second 
. Edition. Cr. Bvo. 6s. 

THE DEMON. Fcap. Bvo. is. net. 

Wyllarde (Dell). THE PATHWAY OF 
THE PIONEER (Nous Autres). Sixth 
Edition. Cr. 8vo. 6s. 

» 


Books for Boys and Girls 


Illustrated, Crown Svo. p, 6d. 


Getting Well of Dorothy, The. Mrs, 
W. K. Clifford. 

Girl of the People, A. L. T. Meade. 

♦ 4 

Honourable Miss, Thb^ L. T. MeaA. 

Master Rockafellar's Voyage. W. Clark 
Russell. 


Only a Guard-Room Dog. Edith E. 
Cuthell. i) 

Red Grange, The. Jdrs. Moleswortb. 

Syd Belton : The who would not go 
to Sea. G. Manville Fenn. 

There was once a Prince. Mrs. M. E 
4 Mann. 


Methnen’s Shilling Novels 


Fca/i, Svo. IS, net 


Anna of the Five Towns. Arnold ’Bennett. 
Barbary Sheep. Robert Hichens. 

*Botor Chaperon, The. C. N. 8c A. M. 
Williamson. 


Boy. Marie Corelli. 

Charm, The. Alice Perrin. 

Dan Russel the Fox. E. Oi. Somerville 
and Martin Ross«, 

P 


Demon, The. C. N. and A. M. Williamson. 
Fire in StudbKe. Baroness Orezy. 

*Gate of Desert, The. John Oxenham. 
Guarded Flame, The. W. B. Maxwell. 
Halo, The. Baroness von Huttea. 

Hill Rise. W. B. Maxwell. * ' 

Jane. Marie CorellL 
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Methuen’s Shilling mYt\%--ccntinued, 


^Joseph in Jeopardy. Fiank Danby. 

Lady Betty Across the Water. C. N. • 
and A. M. Williamson. 

Light Freights. W. W. Jacobs. 

Long Road, The. John Oxenham. 

Mighty Atom, The. M iric CorellL 

Mirage. E. Temple Thurston. 

Missing Dblora, The. E. Phillips Oppen- 
heim. 

Round the Red Lamp. Sir A. Conan Doyle. 

SaTd, the Fisherman. Marmaduke Pick- 
thaJl. 


Searct Pasty, The. jS. A, Birmingham. 
Secret Woman The. Eden Phillpotts. 
Severins, The. Mrs. Alfred Sidgwick. 
Spanish Gold. . G. A. Birmingham 
SPLENDiT) Ej'.other. W. Pett Ridge. 

Tales op M ean Streets. Arthur Morrbon. 

Teresa op Watlino Street. Arnold 

Bennett. 

Tyrant, The. Mis. Henry de la Pasture. 
Under the Red Robb. Stanley J. Weymaa 
Virginia Perfect. Peggy Webling. 

Woman with the Fan, The. Robeit 
Hichens. # 


Hethuen’s Sevenpeimy Novels 


Fca/>. 8w. 

Angel. B. M. Croker. 

Broom Squire, The. S. Baring-Gould 
By Stroke of Sword. Andrew Balfour. 

*House of Whispers, The. William L 
Queux. 

Human Boy, The. Eden Phillpotts. 

I Crown Thee King. Max Pemberton. 

*^Late in Life. Alice Perrin., 

Lone Pine. R. B. Townshend. 

Master of Men. E. Phillips Oppenheim. 
Mixed Marriage A Mrs. F. E. Penny. 


rut 

Peter, a Parasite. E. Maria Albanesi. 

Pomp of the Lavilettes, The. Sir Gilbert 
Parker. 

Prince Rupert the Buccaneer. C J. 

Cutcliffe Hyne. 

•Princess Virginia, The. C. N. & A. M. 
Williamson. 

Profit and Loss. John Oxenham. 

Red House, The. E. Nesbit. 

Sign of the Spider, The. Bertram Mitford. 
Son of the State, A. W. Pett Ridge, 
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